250  WAH 


Want  one  of  these  famous 
AM  transmitters? 


from  stock 


For  details  about  the  quality,  dependability 
and  economy  that  have  made  these  Western 
Electric  AM  transmitters  so  popular  in  so 
many  stations  —  and  for  information  on  the 
complete  line  of  audio  facilities  and  accessory 
antenna  equipment — call  your  Graybar  Broad¬ 
cast  Representative.  Or  write  to  Graybar  Elec¬ 
tric  Co.,  420  Lexington  Ave.,New  York  17,  N.  Y. 


WeVe  all  caught  up  on  back  orders  for  these 
popular  AM  transmitters.  So  you  can  order 
yours  today  with  assurance  that  you'll  get  it 
as  soon  as  you  want  it! 

The  1  KW,  5  KW  and  50  KW  all  have  the 
famous  Doherty  High  Efficiency  Amplifier 
Circuit  that  has  saved  untold  thousands  of 
operating  dollars  for  broadcasted. 


Western  Electric  ^ 

-  QUALITY  COUNTS  - 


ELECTRONICS  —  February,  1948 


^  SOLAR  CAPACITORS 

Quality  Above  All” 


BUSINESS  BRIEFS 


By  W.  W.  MacDONALD 


•lictronlcs  edition  •  February  1948 


Most  Columnists  stick  their  in  the  chemical  and  petroleum  in¬ 
necks  out  around  this  time  of  the  dustries. 

year  and  we  are  no  exception.  It  Basic  metal,  utility,  food,  textile 
seems  to  be  catching.  and  ceramic  industries  are  making 

Seller’s  market  will  change  to  increased  use  of  instrumentation 
buyer’s  market  for  most  electronic  to  lower  costs  and  improve  prod- 
equipment  sometime  in  1948,  in  ucts.  At  the  present  rate  of 
our  opinion.  Already  being  pushed  growth,  industrial  instrumentation 
by  manufacturers  rather  than  will  increase  30  percent  by  1950. 
pulled  by  customers  are  table-type 

radios,  some  upper-bracket  phono  Tape  can  handle  two  and  pos- 
combinations.  New  things  may  be  sibly  even  three  simultaneous  re- 
the  exceptions,  television  being  a  cordings,  experiments  in  progress 
good  example.  indicate.  Here,  perhaps,  is  the  ap- 

Despite  the  predicted  transition  proach  to  sound  systems  with  real 
frbm  seller’s  to  buyer’s  market  audio  perspective.  And  how  about 
prices  are  likely  to  remain  at  or  recording  a  program  as  one  chan- 
near  their  present  levels.  One  rea-  nel,  control  voltages  capable  of 
son  is  the  continuing  high  cost  of  operating  volume  expanders,  noise 
labor,  with  further  increases  in  reducers  etc.  on  a  second  channel? 
prospect.  Another  is  the  cost  of 

materials,  which  will  for  the  most  Movie  Production  Costs  may  be 
part  be  in  ample  supply  but  will  cut  as  much  as  $5,000,000  a  year 
command  high  prices.  when  use  of  tape  recorders  be- 

Business  will  be  good  because  comes  more  widespread,  think  sev- 
people  have  money  and  need  mer-  eral  Hollywood  technicians, 
chandise,  but  high  prices  will 

make  it  necessary  for  the  industry  Portable  Tape  Recorder  men- 
to  do  a  sales  job.  tioned  in  these  columns  back  in 

December  (p  77)  intrigued  quite 
On  February  15  it  becomes  man-  a  few  potential  manufacturers, 
datory  for  all  transport  aircraft  and  we’ve  forwarded  their  letters 

carrying  passengers  at  night  or  of  inquiry  to  the  designer.  Any- 

under  instrument  conditions  to  body  else  out  there  we  can  help  in 

have  absolute  terrain  proximity  in-  a  similar  manner? 
dicators.  Electronic  types  being 

installed  warn  pilots  of  their  alti-  Classified  Ad:  “If  you  own  a 
tude  at  2,000  feet,  1,000  feet,  and  wire  recorder,  like  philosophy,  are 

any  predetermined  height  between  not  dogmatic,  and  enjoy  calm  dis- 

300  and  500  feet.  .  cussion.  I’d  like  to  know  you.  No 

lonely  hearts,  religious  or  anti- 
Machine-Tool  Builders  in  par-  religious  cranks,  please.’’  {Ameri- 
ticular  and  designers  of  motor-  can  Freeman,  Girard,  Kansas).  • 
driven  industrial  devices  in  gen-  Here’s  a  1948  twist  on  the  old 
eral  have  repeatedly  asked  elec-  letter-swapping  idea,  and  one  that 
tronic  engineers  to  devise  more  could  sell  a  lot  of  electronic  equip- 
economical  and  efficient  methods  ment  if  it  clicked, 
of  controlling  the  speed  of  small 

a-c  motors.  And  the  boys  are  be-  Television  Today:  54  cities  in 
ginning  to  come  up  with  answers.  29  states  are  involved  in  current 

See  p  106.  television  broadcasting  authoriza¬ 

tions  and  applications.  An  FCC 
Completely  Automatic  Factories  tabulation  December  1  showed  6 

are  still  far  off,  but  the  trend  will  stations  licensed,  65  construction 

accelerate  in  1948,  according  to  permits  (11  already  on  the  air), 

Harold  W.  Sweatt,  president  of  and  43  applications  pending  (25 

Minneapolis-Hone3rweU.  Progress,  of  these  are  in  hearing), 
he  says,  is  particularly  noticeable  More  details  will  be  found  in 


HmBliai  CAPACITORS 
REPUa  aECTROLYTIC  RLTER 
UNITS  IN  POIKE  RAMOS 


SOLITE  Metallized  Paper  Capacitors  offer 
the  designer  of  mobile  communications 
equipment  a  hitherto-unknown  combina¬ 
tion  of  compactness,  light  weight,  and  ex¬ 
ceptional  reliability  of  performance. 

The  Type  QYL  SOLITE  Capacitor 
shown  above  was  developed  for  a  leading 
manufacturer  of  police  radio  equipment. 
It  replaces  a  conventional  "Twist-Prong” 
base  dry  electrolytic  filter  capacitor  and 
mounts  in  the  same  chassis  plate. 

The  rating  of  the  SOLITE  Capacitor  is 
only  64-6  mf,  200  wvdc;  of  the  replaced 
dry  electrolytic  20-|-20  mf.  The  SOLITE 
Capacitor,  unlike  the  dry  electrolytic  orig¬ 
inally  used,  has  a  negligible  drop  in  capaci¬ 
tance  at  low  operating  temperatures;  no 
difficulties  arise  from  increased  series  im¬ 
pedance  at  low  operating  temperatures;  the 
power  factor  is  bwer  than  1%  to  start  with 
and  remains  low  over  the  operating  tem¬ 
perature  range  of  — 40C.  to  -t-85C. 

Even  more  important  to  the  equipment 
manufacturer  than  the  stability  of  electrical 
characteristics,  is  the  unique  self-healing 
property  of  SOLITE  Metallized  Paper 
Capacitors. 

This  capacitor  is  typical  of  a  custom-made 
SOLITE  unit  designed  for  a  specific  applica¬ 
tion  so  as  to  take  full  advantage  of 
SOLITE’s  unique  properties  and  extra  de¬ 
pendability.  Solar  will  be  glad  to  work 
with  you  in  originating  other  designs  best 
suited  for  your  individual  requirements.  In 
police  radio,  in  emergency  equipment,  and 
in  taxi  and  truck  dispatching  where  the 
message  must  get  through,  SOLITE  Capaci¬ 
tors  are  a  "natural.”  In  industrial  electronic 
equipment,  too,  where  reliability  is  of  para¬ 
mount  importance,  SOLITE  Capacitors 
can’t  be  beaten. 

Investigate  today!  Solar  Manufacturing 
Corporation,  1445  Hudson  Blvd.,  North 
Bergen,  N.  J. 

_  ★  Trade  Mark 
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Eil4A£ 


4-I25A 


4XIS0A 


4Xt00A 


4X500A 


O  THESE  TUBEC  HAVE  PYROVAC  PLATES 


4-400A 

Specifically  created  for  FM  broadcast  service,  two  4-400A  tetrodes 
in  typical  operation,  at  frequencies  in  the  88-108  Me  FM  broadcast 
band,  will  provide  1200  watts  of  useful  output  power,  at  3500  plate 
volts,  while  the  dissipation  from  the  Pyrovac  plate  is  considerably 
under  the  maximum  rating  of  400  watts  per  tube. 

4X500A 

A  small,  but  high  power  VHF,  external  anode  type  tetrode,  reted 
at  500  watts  plate  dissipation.  The  low  driving  power  requirement 
presents  obvious  advantages  to  the  equipment  designer.  Two  tubes 
■n  a  push-pull  or  parallel  circuit  provide  over  I*/]  kw  of  useful  out¬ 
put  p?wer  with  less  than  25  watts  of  drive. 

4- 1000 A 

Currently  the  largest  of  the  Eimac  tetrodes,  its  pyrovac  plate  is 
rated  at  1000  watts  dissipation,  the  4-IOOOA  has  the  inherent  char¬ 
acteristics  of  all  Eimac  tetrodes — dependability,  stability,  optimum 
performance  and  economy  of  operation.  Type  4-IOOOA  is  ideally 
suited  for  high-level  audio  service  as  well  as  r-f  applications. 
Complete  data  on  these  tetrodes  and  other  Eimac 
tube  types  may  be  had  by  writing  direct. 

EITEL-McCULLOUGH,  Inc. 

191  San  Mateo  Ave. 

San  Bruno,  California 

EXPORT  AGENTS:  Frazar  8  Hansen — 301  Clay  St. — San  Francisco,  Calif. 


Tops  for  high  power  VHF  mobile  transmitters,  type  4-65A  is  the 
smallest  of  the  Eimac  radiation  cooled  tetrodes.  Conservatively 
rated  at  65  watts  plate-dissipation,  the  tube  is  but  4*/|"  high  and 
2"  in  diameter.  The  4-65A  is  capable  of  operation  over  a  wide 
voltage  range,  for  instance  at  600  plate  volts  one  tube  will  provide 
50  watts  of  power-output  with  less  than  2  watts  of  grid  drive.  At 
3000  plate  volts  a  power-output  of  265  watts  is  obtained. 

'  4X100A 

Designed  for  high  frequency  applications  in  which  horizontal  forced- 
air  cooling  would  be  an  equipment  design  advantage.  The  char¬ 
acteristics  of  the  4XI00A  closely  resemble  those  of  the  4X1 50A  ex¬ 
cept  for  slightly  lower  plate  dissipation,  100  watts. 


An  extremely  compact  tetrode  of  the  air-cooled  external  anode 
type.  Rated  at  150  watts  of  plate  dissipation  it  can  be  operated  at 
maximum  ratings  up  to  500-Mc.  When  operated  as  a  doubler,  the 
4XI50A  is  the  standout  answer  to  the  STL  (studio-  transmitter-link) 
vacuum  tube  problem  .  .  .  excellent  performance  is  had  up  to 
lOOO-Mc. 


Forerunner  of  the  Eimac  tetrode  line,  the  4-1 25A  Is  probably  the 
most  universally  accepted  power  tetrode  yet  designed.  Its  Pyrovac 
plate  and  processed  grids  impart  a  high  degree  of  operational 
stability,  resistance  to  overloads  and  exceptionally  long  life.  Rated 
at  125  watts  plate  dissipation,  one  4-I25A  will  handle  500  watts 
input  with  less  than  three  watts  of  grid  drive. 

4-250A 

Higher  power  version  of  the  4-1 25A,  type  4-250A  also  incorporates 
a  Pyrovac  plate,  and  processed  grids.  In  typical  class-C  operation 
one  tube  with  4^00  plate  volts  will  provide  I  kw  of  output  power, 
'^Ith  2.5  watts  of  grid  d  rive. 


Fellow  the  Leaders  to 


The  Power  For  (•F 
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lUSINESS  BRIEFS  (coiitiii«t4) 

this  issue,  back  in  the  “News  of 
the  Industry”  department,  on 
p  148). 


Television  Tomorrow:  NBC’s 
Frank  Mullen  thinks  that  tele¬ 
vision,  in  all  its  branches,  will 
someday  contribute  as  much  as 
$6,000,000,000  to  the  national  econ¬ 
omy  in  a  single  peak  year,  provid¬ 
ing  employment  for  260,000  people. 

Philco’s  •Larry  Gubb  believes 
that  $5,000,000,000  will  go  into 
television  in  the  next  few  years 
for  the  building  and  equipping  of 
stations  and  networks  and  for  the 
purchase  of  receivers. 

Television  Broadcasters  Asso¬ 
ciation  comes  up  with  this  predic¬ 
tion  of  station  equipment  and  re¬ 
ceiver  production: 

1948  1»4» 

Stations  .  $10,860,000  $12,000,000 

Receivers  ....  387,000,000  460,000,000 
(7S0M0)  (1,106.009) 


It  Is  Generally  Known  that  tele¬ 
vision  receivers  using  cathode-ray 
tubes  having  screens  7-inches  in 
diameter  and  smaller  have  not  sold 
well  by  comparison  with  those  em¬ 
ploying  screens  10-inches  or  more 
in  diameter.  What  has  not  been 
known  is  whether  this  means  that 
the  10-inch  type  provides  the 
smallest  picture  with  which  the 
public  is  content,  or  that  the  price 
differential  has  so  far  been  too 
small. 

The  point  is  about  to  be  clari¬ 
fied.  quite  a  number  of  television 
receivers  having  cathode-ray  tubes 
7-inches  in  diameter  are  now  com¬ 
ing  on  the  market,  at  prices  down 
near  the  $200  mark. 


To  make  it  easier  and  quicker  to  obtain 
fittings  in  the  above  illustrated  Cannon 
Electric  Type  Connector  Series,  more 
than  200*  radio  and  electrical  distrib¬ 
utors  can  fill  your  requirements.  Many 
of  these  distributors  carry  stock  items 
on  their  shelves  for  immediate  delivery. 
They  are  ready  to  serve  you  and  discuss 
your  requirements.  Contact  them  first. 

These  type  series  are  widely  used  on 
microphones,  sound  equipment,  in  radio 
and  electronic  devices.  Their  quality  and 
performance  are  assured  by  Cannon 
Electric’s  thirty-three  years  of  continu¬ 
ous  operation  under  the  same  manage¬ 
ment.  This  service  record  is  justified. 

For  a  complete  list  of  Representatives,  Dl.s- 
trlbutors  and  a  Catalog  covering  these  lines, 
write  for  Bulletins  CED-4A  and  RJC-2,  Address 
Dept.  B-120. 


TQ-1-12  Plug 
in  Hie  "TQ" 
Coaxial 
Sarios 


Baby  Sitters  in  Chicago  are  re¬ 
fusing  to  do  their  stuff  unless  the 
home  is  equipped  with  a  television 
receiver,  according  to  Tide. 


NEW 

P3-CG-I1S 
'lug  in  tho 
Sarios 


*  Additional  distribu¬ 
tors  are  being  add¬ 
ed  in  many  states. 


Radioactive  Isotopes  have  an 
important  future  in  industry  as 
well  as  in  research,  but  the  speed 
with  which  they  are  adapted  to 
manufacturing  operations  gener¬ 
ally  is  largely  dependent  upon  fur¬ 
ther  reduction  in  cost. 

Originally  turned  out  by  cyclo¬ 
trons  in  quantities  almost  too 
small  to  be  seen  with  the  naked 
eye,  such  isotopes  cost  millions  of 


SINCE  1915 

3209  HUMBOLDT  ST.,  LOS  ANGELES  31,  CALIF. 


WORLD  EXPORT  (axcapting  British  Empira): 
•  FRAZAR  &  HANSEN,  301  CLAY  STREET 
SAN  FRANCISCO  11,  CALIFORNIA 
NCIPAL  CITIES 


IN  CANADA  A  BRITISH  EMPIRE: 

CANNON  ELECTRIC  COMPANY.  LTD. 
TORONTO  13,  ONTARIO 
R  E  PR  E  S  E  NTAT IVES  IN  I 
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dollars  per  gram.  Today  they  may 
be  produced  by  atomic  piles  for 
thousands  of  dollars.  When  some¬ 
one  finds  a  way  to  again  reduce 
the  cost  by  a  factor  of  ten  they 
will  really  come  into  their  own 
commercially. 


Employee  Suggestions  have 
saved  General  Instrument  730,000 
man  hours  since  1944. 


Writes  R  W.  Hutchinson  of  Gen¬ 
eral  Motors,  Detroit,  relative  to 
our  plea  for  more  complete  broad¬ 
cast  station  weather  reporting  for 
small  boat  owners  (November, 
P  77) : 

“Throughout  the  summer  of 
1947,  WJLB  offered  a  special 
weather  report  to  small  boats  and 
small  aircraft  operating  on  the  De¬ 
troit  River,  and  in  Lake  St.  Clair 
and  Lake  Erie.  Temperature,  pres¬ 
sure,  relative  humidity,  ceiling, 
visibility,  wind  velocity,  and  wind 
direction  were  given.” 

Other  stations  please  copy. 


Marine  Radar  Licenses  issued 
by  the  FCC,  as  of  October  4  last, 
totalled  288. 


As  Most  Readers  Know,  we  pub¬ 
lish  a  special  directory  and  buyers’ 
guide  issue  each  year.  Work  is  al¬ 
ready  under  way  on  the  next  one, 
scheduled  to  mail  in  mid-June. 

Questionnaires  have  been  mailed 
to  all  the  manufacturers  and  con¬ 
sultants  we  know  in  the  business, 
asking  what  products  are  made 
and  what  services  rendered.  If 
you  are  a  manufacturer  or  con¬ 
sultant  better  check  up  around  the 
organization  to  see  if  one  has  been 
received.  If  so,  play  safe  and  see 
that  it  is  filled  in  and  sent  to  us 
at  once.  If  not,  write  directory 
manager  Jack  Quint. 


Speaking  Of  The  Directory,  we 
think  we  have  a  particularly  hot 
idea  for  the  reference  material 
this  year,  one  that  will  make  the 
book  even  more  valuable  than  in 
the  past  to  many  readers.  More 
later,  when  we’ve  worked  out  the 
details. 


Sign  over  market  research  de¬ 
partment;  "What  do  you  want  to 
prove?" 


. .  offer  unusual  versa¬ 
tility  of  mechanUal  and 
electrical  adaptation 


CHECK  THESE  FEATURES  FOR 
EXCEPTIONAL  PERFORMANCE 


1  Versatility  of  playback  and  record 
*  ing  circuits. 

^  Variety  of  Impedances  for  individ 
“  ual  nei^. 


2  Closely  controlled  Air-Gaps  for 
^  uniform  performance. 


^  Reduction  of  hum  pickup. 

5  Controlled  groove  contour  for 
maximum  effective  position  of  re¬ 
cording  wire. 


Excellent  wear  characteristics, 


MORE  COMPLETE  INFORMATION  IS  AVAILABLE  TO  FIRMS 
INTERESTED  IN  THE  MANUFACTURING  OF  WIRE  RECORD¬ 
ING  EQUIPMENT.  WRITE  ON  COMPANY  LETTERHEAD. 


CS 
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P.R  MALLORY  a.  CO.Inc 


This  Ace  of  Books 


on  Vibrator  Problems 

now  makes  Three  of 


a  Kind ! 


First  it  was  the  Resistance  Welding  Data  Book,  then  the  Electrical 
Contacts  Data  Book,  now  the  comprehensive,  new  Vibrator  Data 
Book.  Each  is  the  product  of  years  of  Mallory  research  .  . .  each 
is  unique  in  its  field. 

If  your  engineers  design  or  use  vibrator  power  supplies,  this  latest 
volume  is  a  "must”  for  your  library.  Here  are  all  the  fundamentals 
they  need  to  know  ...  all  the  discoveries  that  16  years  of  intensive 
experience  and  research  have  brought  to  light  ...  all  the  "do’s” 
and  "don’ts”  of  a  highly  complicated  and  specialized  field.  . 

Put  this  ace  of  books  to  work  before  the  first  edition  runs  out. 
The  price  is  only  $1.00.  Free  to  recognized  engineers  and  teachers 
when  requested  on  your  letterhead. 

0  MORE  MALLORY  VIBRATORS  ARE  IN  USE  TODAY 
THAN  ALL  OTHER  MAKES  COMBINED 


LIST  OF  CONTENTS 


Ua$iic  Vibrator  Structures 
Mallory  Standard  Vibrators 
i’reliminary  Design  Considerations 
The  Choice  of  a  V  ibrator 

Basie  Power  Transformer 
Cliaraeteristies 

Tables.  Charts.  Graphs  and 
Forninlas 

Development  of  Basie  Transformer 
Formula  with  Design  Examples 

Timing  Capacitor  Considerations 

Vibrator  Power  Supply  Construction 
and  Interference  Elimination 

Vibrator  Power  Supply  Circuits 
Inspection  of  Vibrators 


I  VIBRATORS 
AND  VIBRATOR  POWER  SUPPLIES 
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►  BLIND  ...  A  man’s  life  was  lost  when  a  freighter 
rammed  a  tanker  in  fog  off  Point  Sur,  California, 
October  24th  li^t.  The  tanker  had  radar,  but  her 
crew  did  not  know  of  her  danger  because  the  oncom¬ 
ing  freighter,  by  a  misfortune  fateful  in  its  improb¬ 
ability,  was  within  the  radar  shadow  cast  by  the 
tanker’s  foremast,  blanking  out  a  three-degree  sec¬ 
tor.  That  such  blind  spots  may  exist  was  well  known 
from  wartime  experience.  But  the  crew  either  did 
not  know  about  it,  or  discounted  it  because  of  the 

I  extremely  narrow  region  into  which  they  could  not 
see.  So  one  man  died  and  many  more  barely  escaped 
death.  The  moral  is  clear:  when  lives  depend  on 
'  electronic  equipment,  or  any  other  type  of  equipment, 
the  improbable  contingency  must  not  be  discounted. 
When  radar  is  used  for  running  through  fog,  there 
I  must  be  no  blind  spot  ahead,  no  matter  how  narrow. 

►  WORDS  .  . .  We  beg  leave  to  add  our  weight  to  the 
growing  dignity  of  two  new  words:  kilomegacycle 
and  electronism.  The  kilomegacycle  (abbreviation 
kmc)  is  a  real  help  in  writing  about  the  superhigh 
frequencies.  Ten  centimeters  is  3  kmc,  a  somewhat 
neater  designation  than  3,000  me.  Electronism  is  a 
general  term  for  any  electronic  device,  in  the  same 
sense  that  mechanism  applies  to  any  mechanical 
device.  When  we  first  heard  the  word  we  thought  it 
sounded  somewhat  stilted.  When  mechanism  was  a 
new  word,  200  years  ago,  no  doubt  it  seemed 
stilted,  too.  But  it  has  a  very  useful  place  in  the 
language  today.  As  electronics  takes  its  place  along¬ 
side  mechanics,  electronism  has  its  place. 

►  LORAN  .  . .  The  recent  reallocation  of  frequencies 
has  forced  the  Coast  Guard  to  discontinue  its  experi- 

\  mentation  with  low-frequency  loran  on  180  kc  and 
to  begin  new  investigations  in  the  vicinity  of  100  kc. 
i  This  lower  frequency  brings  with  it  many  new  prob¬ 
lems,  and  adds  the  burden  of  enlarging  an  already 
;  cumbersome  antenna  system.  So  it  may  be  many 

I  months  before  the  low-frequency  version  is  ready 

I  for  active  use.  Meanwhile  it  is  a  pleasure  to  report 
that  the  use  of  standard  loran  on  2  me  grows  apace. 


Nearly  1,000  scheduled  transoceanic  flights  per  month 
are  made  with  loran  by  ten  or  more  international 
airlines.  And  scores  of  merchant  ships  use  loran 
regularly.  It  is  to  be  hoped  that  the  Coast  Guard 
will  secure,  in  its  forthcoming  appropriation,  the  nec¬ 
essary  funds  to  maintain  this  vital  service. 

►  SMELL  .  .  .  We’ve  heard  some  stunning  theories 
in  our  time,  and  once  thought  we  could  pick  the 
wheat  from  the  chaff.  But  we  give  up.  From  an 
impeccable  source.  Professor  W.  R.  Miles  of  Yale 
University,  we  have  it  that  the  sense  of  smell  is 
closely  akin  to  radar.  Professor  Miles,  speaking 
before  the  National  Academy  of  Science..,  reveals 
experiments  with  roaches  and  bees  which  show  that 
these  animals  detect  odors  by  means  of  electromag¬ 
netic  radiations  in  the  infrared  region,  from  8,000  to 
10,000  millimicrons.  Roaches  have  a  particular  pre¬ 
dilection  for  oil  of  cloves.  Placed  in  a  hermetically 
sealed  container,  this  substance  caused  roaches  out¬ 
side  the  container  to  react  with  a  characteristic 
motion  of  their  antenna.  With  an  opaque  infrared 
filter  in  place,  or  with  the  chamber  evacuated,  the 
antenna  relapsed  into  the  heterogeneous  activity  of 
a  non-smelling  roach.  With  the  filter  removed,  the 
characteristic  motion  recommenced.  Similar  experi¬ 
ments  with  bees,  using  honey  as  the  odor  source, 
show  the  same  results.  Honey  behind  an  airtight 
window,  which  passed  the  infrared  rays,  attracted 
the  bees;  an  identical  window  opaque  to  infrared 
went  unnoticed.  All  of  which  would  indicate  that 
our  insect  friends  were  smelling  infrared  vibrations. 
But  Dr.  Miles  says  that,  in  reality,  the  insects  are 
sending  out  infrared  radiations  from  their  olfactory 
organs,  thus  heating  the  smelled  substance  and  caus¬ 
ing  it  to  return  a  complex  spectrum  of  infrared  which 
permits  identification  of  one  substance  from  another. 
It  appears  that  the  human  nose  also  operates  in  this 
fashion.  The  final  item  was  the  one  that  forced  us 
to  give  up :  seven  males  of  a  rare  moth  species  were 
released  from  a  train  at  seven  points  one  mile  apart. 
Within  hours,  all  seven  had  found  a  female  of  the 
species  who  was,  at  the  time,  languishing  in  a  hermet¬ 
ically  sealed  tube.  Fantastic! 


On*  of  th*  P-80  )*t-pow*r*d  oirplcmei  used  in  trials  of  n*w  AAF  speed  course.  New  AAF  streamlined  localizer  receiver  antenna,  a 
port  of  the  airborne  speed-measuring  equipment,  is  installed  beneath  the  nose 


Precise  Measurement 


errors,  and  compressibility  errors. 
The  present  and  most  accurate  sys¬ 
tem  of  airspeed  measurement  is 
based  on  the  relation  of  the  total 
and  static  pressures  to  the  true 
speed  of  the  air  stream.  In  order 
to  calibrate  this  type  of  system  it  is 
necessary  to  know  the  error  ob¬ 
tained  in  measuring  the  true  static 
and  total  pressures  relative  to  the 
free  stream  conditions.  This  error, 
which  is  commonly  called  position 
error,  is  primarily  a  function  of 
angle  of  attack  and  Mach  Number 
(relation  of  speed  of  aircraft  to 
speed  of  sound  at  location  of  air¬ 
craft).  Since  sonic  velocity  and 
dynamic  pressures  decrease  with  al¬ 
titude,  the  highest  Mach  Number 
will  be  reached  at  the  highest  alti¬ 
tude.  It  is  necessary,  therefore,  to 
obtain  calibrations  at  these  high 
altitudes  and  high  Mach  Numbers. 

Various  methods  for  true  air¬ 
speed  measurement  at  high  alti¬ 
tude  have  been  proposed  and  de¬ 
vised,  few  of  which  have  shown  any 
promise.  Radar  tracking  units  set 
up  from  standard  Signal  Corps 
stock  equipment  have  proved  only 
moderately  successful.  Results  in 
level-flight  tests  from  calibrated 
ballistic  cameras  have  proved  them 
to  be  too  unwieldly  for  flight  test 
work.  The  recently  developed  Army 
Air  Forces  all-altitude  speed  course 
is  the  only  known  successful  means 


WITH  the  military  trend  to-  requirement  was  waived  during  the 
ward  speeds  approaching  the  war,  but  reinstatement  is  antici- 
transonic  and  supersonic  ranges  it  pated.  It  is  also  of  vital  importance 
becomes  of  increasing  importance  to  to  know  the  exact  maximum  speed 
provide  an  accurate  means  of  meas-  of  new-type  aircraft  to  evaluate 
uring  true  airspeed.  Prior  to  the  new  designs  properly, 
war,  performance  guarantees  made 
by  contractors  were  based  upon  the 
contractor  meeting  his  estimated  The  airspeed  system  is  suscepti- 
high  speed  within  1  percent  This  ble  to  instrument  errors,  position 


Airspeed  Measuring  Methods 
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Trailer-mounted  localizer  (radio  set  CRN-10)  set  up  lor  operation  at  Wright  Field  as  port  of  AAF  instrument  approach  system.  In 
slightly  modified  form,  this  same  equipment  is  used  for  beam  production  in  the  new  AAF  speed  course 


of  Airciaft  Speed 


New  AAF  system  for  measuring  true  airspeed  employs  two  modified  instrument  landing 
beams  to  create  equisignal  vertical  planes  ten  miles  apart  through  which  an  airplane  can 
fly  at  any  altitude.  Airborne  radio  equipment  sends  signal  to  ground  receiver  and  elec¬ 
tronic  chronograph  at  instant  of  passage  through  each  heam 


- By  CHARLES  S.  FRANKLIN - 

Radio  Engineer  and  Chief  of  Instrument  Landing  Unit 
Communications  and  Navigation  Laboratory 
Electronic  Subdivision,  Engineering  Division,  Air  Materiel  Command 
Wright  Field,  Dayton,  Ohio 


energy  from  the  transmitter  into 
two  equal  portions,  modulate  one 
part  at  a  frequency  of  90  cycles 
per  second,  the  other  part  at  a  fre¬ 
quency  of  150  cycles  per  second,  and 
then  recombine  the  energies  to  feed 
the  antenna  system  for  providing 
an  equisignal  vertical  plane. 

The  cross-modulation  bridge  not 
only  divides  the  power  into  two 
equal  portions  but  also  serves  to 
prevent  interaction  between  the  two 
modulating  troughs  of  the  me¬ 
chanical  modulator.  The  antenna 
bridge  serves  to  combine  and  deliver 
the  proper  amounts  of  carrier  and 
sideband  energy  to  the  antenna  tun¬ 
ing  unit,  from  which  it  is  passed  on 
in  proper  amplitude  and  phase  re¬ 
lation  to  all  antennas.  The  antenna 
system  is  designed  to  function  with 
three  sideband  antennas  on  each 
side  of  the  center  carrier  antenna, 
the  sideband  antennas  being  ener- 


at  present  of  obtaining  calibrations  sentially  a  radio  transmitter  and  a 
at  high  speeds  and  at  high  altitudes  radio-frequency  radiating  system 
with  the  accuracy  required  by  the  as  shown  by  the  block  diagram  in 
Army  Air  Forces.  Fig.  1.  The  desired  frequency  is 

The  Army  Air  Forces  all-altitude  obtained  by  inserting  an  appropri- 
speed  course  is  defined  by  two  par-  ate  crystal  unit  and  retuning  the 
allel  radio  beams  a  fixed  distance  transmitter  circuits, 
apart.  The  test  airplane  flies  at  The  radio-frequency  section  es- 
the  desired  altitude  and  on  a  head-  sentially  consists  of  a  crystal  oscil- 
ing  perpendicular  to  the  two  beams,  lator-tripler  stage,  a  first  multiplier 
True  ground  speed  is  obtained  by  (tripler)  stage,  a  second  multiplier 
measuring  the  elapsed  time  required  (doubler)  stage,  and  a  straight 
for  an  airplane  to  fly  this  known  power-amplifier  stage.  The  power- 
distance.  amplifier  stage  employs  two  tubes  in 

-  j  a  push-pull  class  C  circuit  arrange- 

ment,  and  is  capable  of  delivering 
Ground  radio  transmitting  equip-  approximately  100  watts  of  unmod- 
ment  consists  of  two  radio  trans-  ulated  radio-frequency  energy, 
mitting  sets.  This  equipment  is  Before  this  energy  can  be  made  to 
similar  to  instrument  landing  sys-  produce  a  course,  it  must  be  modu- 
tera  (ILS)  beam  transmitters  lated,  phased,  and  fed  into  the  radi- 
which  were  originally  designed  to  ating  system.  It  is  the  function  of 
serve  as  multifrequency  instrument  the  cross-modulation  bridge  and 
landing  localizers.  Each  set  is  es-  mechanical  modulator  to  divide  the 
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gized  with  a  pnase  difference  of  180 
electrical  degrees. 

Proper  operation  of  the  antenna 
array  required  that  the  inner  pair 
of  sideband  antennas  receive  the 
largest  amount  of  sideband  poWer, 
the  second  pair  much  less,  the  third 
or  outer  pair  still  less,  and  each  an¬ 
tenna  of  the  pair  must  receive  an 
equal  amount.  Each  antenna  ele¬ 
ment  is  essentially  a  dipole  bent 
to  an  angle  of  60  degrees,  with  a 
similarly-bent  parasitically-excited 
director.  The ,  antenna  radiates  a 
horizontally*  polarized  signal  with  a 
front-to-back  ratio  of  6  db  in  the 
horizontal  radiation  pattern. 

The  carrier  power  plus  half  of 
the  sideband  power  is  radiated  by 
the  center  antenna.  These  radia¬ 
tions  are  in  phase  in  all  directions 
from  the  array.  The  remaining  half 
of  the  sideband  power  is  radiated 
by  the  three  pairs  of  sideband  an¬ 
tennas.  The  phase  of  these  radia¬ 
tions  is  the  same  from  0  degree 
(on  course)  to  180  degrees  and  of 
opposite  phase  from  180  degrees  to 
360  degrees.  Thus,  it  is  seen  that 
the  sideband  signals  will  add  to  the 
carrier  signals  on  one  side  of  course 
and  subtract  on  the  other  side. 

The  sideband  signals  which  con¬ 
sist  of  the  90-cycle  and  150-cycle 
modulations  are  equally  divided  be¬ 
tween  carrier  pattern  and  sideband 
pattern  and  are  phased  so  that  the 
150-cycle  modulated  signal  cancels, 
and  the  90-cycle  signal  adds,  to  the 
right  of  course.  To  the  left  of 
course,  the  90-cycle  signal  cancels 
and  the  150  cycle  signal  adds. 

The  seven  antenna  arrays  pro¬ 
duce  the  radiation  patterns  shown 
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FIG.  2 — M»ihod  of  using  flash  tube  in  airpion*  <n><f  senith  camera  on  ground  for 
checking  alignment  of  US  beam  at  Tarious  altitudes  during  initial  calibration  of  speed 
course.  Beam  is  adjusted  for  5.000  feet  and  calibrated  for  other  altitudes 


in  Fig.  1.  The  equisignal  locus  of 
the  90-cycle  and  150-cycle  modula¬ 
tion  constitutes  the  course. 

A  course  monitor  receiver  is 
placed  on  the  surveyed  azimuth  line 
at  a  distance  of  400  feet  from  the 
transmitter.  This  receiver  is  a  vhf 
crystal-controlled  10-tube  superhet¬ 
erodyne.  If  the  received  signal  con¬ 
sists  of  equal  amounts  of  90-  and 
'  150-cycle  modulation  corresponding 
to  the  equisignal  locus,  output  from 
the  two  filters  will  be  balanced  and 
d-c  output  of  the  receiver  will  be 
zero.  Any  shifting  of  the  course 
will  result  in  an  unbalance  of  the 


received  90-  and  150-cycle  modula¬ 
tion,  with  resulting  d-c  output  from 
the  course  monitor  receiver.  This 
output  is  fed  to  an  amplifier  which 
converts  the  d-c  to  a-c  and  energizes 
a  two-phase  induction  motor.  This 
motor  drives  a  sliding  contact  arm 
back  and  forth  on  a  tuning  stub 
which  serves  to  shift  the  position 
■  of  the  equisignal  locus.  The  direc¬ 
tion  of  rotation  of  this  motor  is  de¬ 
pendent  upon  the  polarity  of  the 
monitor  receiver  unbalance  and  is 
always  in  a  direction  to  reduce  the 
unbalance  to  =b  1  microampere  or  to 
dcz  1/150  degree  course  width.  This 


output  will  cause  an  unbalance  that 
will  cause  the  needle  to  deflect  to 
one  side  or  the  other. 

The  audio  output  from  the  aural 
output  stage  passes  through  an 
equalizing  filter  in  the  control  box  of 
the  airborne  timing  station,  and  is 
transmitted  to  the  ground  timing 
station  by  means  of  vhf  radio  set 
ARC-3.  A  switch  on  the  modified 
control  box,  labeled  Communication 
— Speed  Course,  is  used  to  switch 
the  vhf  transmitter  input  from  the 
conventional  microphone  circuit  to 
the  audio  output  of  the  beam  re¬ 
ceiver. 


method  of  course  control  is  suffi¬ 
ciently  accurate  to  maintain  the  on- 
course  beam  position  to  within  rt 
8  feet  at  a  distance  of  12  miles  from 
the  transmitter. 

Airborne  Equipment 

Airborne  speed  course  equipment 
consists  of  a  timing  station,  the 
output  of  which  is  fed  to  vhf  radio 
set  ARC-3,  as  shown  in  Fig.  1. 
Radio  receiver  BC-733-D  in  the  tim¬ 
ing  station  is  a  10-tube  superhetero¬ 
dyne  consisting  of  an  r-f  amplifier, 
an  oscillator  section,  a  mixer,  two 
stages  of  i-f  amplification,  a  second 
detector,  an  automatic  volume  con¬ 
trol  stage,  an  audio  amplifier,  a  vis¬ 
ual  amplifier,  and  an  output  filter 
and  rectifier  section.  This  beam  re¬ 
ceiver  also  utilizes  a  bias  oscillator 
as  an  isolated  supply  for  negative 
voltage. 

After  amplification  in  the  beam 
receiver,  the  signal  is  fed  to  the 
second  detector  and  avc  stage  where 
it  is  rectified  and  the  audio  compo¬ 
nent  is  recovered.  The  avc  bias  is 
applied  to  the  r-f  and  i-f  stages. 

From  the  second  detector  the  sig¬ 
nal  is  fed  simultaneously  to  the 
audio  amplifiers  (aural  and  visual) . 
The  output  of  the  visual  amplifier 
simultaneously  passes  through  two 
90-  and  150-cycle  band  pass  filters 
and  is  rectified.  The  two  resulting 
d-c  outputs  oppose  each  other  in 
the  visual  indicator  circuit.  If  the 
two  outputs  are  equal,  current  to 
the  cross-pointer  indicator  will  be 
zero  and  the  vertical  pointer  will 
remain  centered;  any  difference  in 
the  relative  90-  and  160-cycle  filter 


amperes  is  placed  across  indicator 
I-lOl-C  or  ID-48/ ARN.  When  the 
test  airplane  passes  through  the  on- 
course  position  this  relay  operates 
and  momentarily  ungrounds  the 
output  of  an  oscillator,  thereby  serv¬ 
ing  to  trigger  the  electronic  chrono¬ 
graph. 

A  monitor  loudspeaker  system 
can  be  used  either  for  receiving 
voice  or  course  modulation  from 
the  vhf  airborne  transmitter  or  it 
can  alternately  be  employed  to  mon¬ 
itor  the  1,000-cycle  signal  used  to 
trigger  the  chronograph.  This  lat¬ 
ter ‘equipment  records  impulses  on 
paper  tape  which  serve  to  indicate 
the  elapsed  time  required  for  the 
test  airplane  to  traverse  the  dis¬ 
tance  between  the  two  beams. 

The  chronograph  is  built  in  two 
sections.  One  section  contains  a 
hermetically  sealed  240-cycle  tun¬ 
ing  fork  which  is  sustained  in  os¬ 
cillation  by  means  of  feedback  from 
a  2:1  stepdown  multivibrator  stage. 
A  second  2:1  multivibrator  stage 
reduces  the  120-cycle  energy  to  60- 
cycle  energy,  which  is  then  ampli¬ 
fied  sufficiently  to  drive  a  small  syn¬ 
chronous  motor.  This  motor  in  turn 
drives  both  a  paper  feed  sprocket 
drum  and  a  360-degree  spiral  sty¬ 
lus. 

The  second  section  of  the  chrono¬ 
graph  consists  of  a  65-db  audio  am¬ 
plifier  stage  preceding  a  thyratron 
tube  which,  when  conducting,  dis¬ 
charges  a  capacitor  through  the 
printing  mechanism.  The  printing 
mechanism  momentarily  presses  the 
moving  paper  against  an  inked  rib¬ 
bon  and  the  rotating  spiral  stylus, 
thus  recording  the  triggered  pulse 
as  a  dot.  The  paper  tape  moves 
at  the  rate  of  1  inch  per  second  and 
can  be  read  to  0.01  second  and  esti¬ 
mated  to  ziz  0.001  second.  The  tun¬ 
ing  fork  is  accurate  to  1  part  in 
100,000  and  has  a  temperature  co¬ 
efficient  of  0.5  part  in  1,000,000  per 
degree  C. 


Time  Recorder 

The  modulated  90-  and  150-cycle 
signal  transmitted  from  the  test 
airplane  is  received  by  the  time  re¬ 
corder  set  located  at  station  2.  Ra¬ 
dio  receiver  BC-733-D  here  is  iden¬ 
tical  with  the  airborne  beam  re¬ 
ceiver  except  that  it  operates  on  a 
frequency  corresponding  to  the  car¬ 
rier  frequency  of  the  airborne  vhf 
transmitter.  The  combination  of 
airborne  vhf  transmitter  and 
ground  beam  receiver  merely  serves 
as  a  means  of  telemetering  the  radio 
beam  signal  from  the  test  airplane 
to  the  ground. 

The  sensitivity  adjustment  of  the 
visual  output  stages  of  both  the  air¬ 
borne  and  ground  beam  receivers  is 
set  at  near  maximum  value  in  order 
to  obtain  an  over-all  course  width 
of  2  degrees.  The  beam  course  width 
of  2  degrees  corresponds  to  a  re¬ 
ceiver  output  of  +  150,  0,  —  150 
microamperes.  A  sensitive  relay 
that  makes  contact  at  =t=  2  micro¬ 


Aiimuth  Alignment 

An  all-altitude  speed  course  be¬ 
comes  valuable  only  after  it  has 
been  demonstrated  that  accurate 
results  will  be  obtained  from  its  use. 
Consequently,  it  is  of  vital  imi)or- 
tance  that  an  exact  azimuth  align¬ 
ment  be  established  and  maintained 
and  that  the  position  of  the  on- 
course  indication  at  all  usable  alti- 


Intlcdlation  of  Loom  receiver  (black  box  ot  center  of  opening  in  fuselage)  used 
la  speed  course  trials.  This  radio  receiver  BC-733-D  feeds  the  airborne  vhf  radio  set 
through  the  airborne  timing  station  to  octuate  ground  timing  station  equipment 
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tudes  be  known.  This  latter  factor 
can  be  considered  as  a  determina¬ 
tion  of  the  characteristics  of  the 
vertical  plane  of  the  two  end  beams, 
such  as  whether  or  not  they  are 
true  planes  and  whether  they  As¬ 
sess  any  lean.  The  accomplishment 
of  this  objective  necessitated  the 
development  of  special  -  equipment 
and  the  working  out  of  special  tech¬ 
niques. 

The  initial  azimuth  adjustment 
is  made  by  lining  up  each  of  the 
beam  transmitters  with  their  re¬ 
spective  course  monitors.  While 
this  method  alone  results  in  a  good 
approximation,  it  is  not  sufficiently 
accurate  nor  is  there  any  proof  of 
exact  course  alignment  in  the  re¬ 
gion  whore  it  is  to  be  employed. 

A  very  satisfactory  method  of 
\  checKiag  both  azimuth  alignment 
and  course  lean  is  by  means  of  air¬ 
borne  flash  tube  equipment  and  a 
zenith  camera  located  at  surveyed 
ground  positions,  as  indicated  in 
Fig.  2.  The  flash  tube  employs  a 
xenon  gas  lamp  that  can  be  trig- 
goied  on  and  off  depending  upon 
the  position  of  the  airplane  relative 
to  the  course.  The  zenith  camera 
provides  an  accurate  method  of  re¬ 
cording  the  triggered  light  flashes 
and  computing  deviation  from  sur¬ 
veyed  ground  positions. 

The  output  of  the  beam  receiver 
is  fed  to  an  amplifier,  the  output  of 
which  operates  a  polarized  keying 
relay.  This  relay  grounds  the  out¬ 
put  of  the  oscillator-keyer  except 
when  the  airplane  is  on-course  or 
very  near  the  on-course  position. 

Flash  Tube  Uriit 


Precision  electronic  chronograph  used  to  meosure  time  interval  between  radio  rignals 
corresponding  to  passage  oi  airplane  through  iirst  and  second  equi^gnal  beams 


objects  directly  overhead.  It  em-  actual  position  of  the  on-course  sig- 
ploys  a  24-inch  f/6  camera  objective  nal  in  space, 
and  records  the  image  on  a  4  x  5- 
inch  plate.  The  camera  can  be 
leveled  precisely  to  an  accuracy  of 
the  order  of  one  second  of  arc  by 
means  of  a  mercury-pool  artificial 
horizon  reflecting  an  image  of  a 
cross  wire  in  the  levelling  eyepiece 
formed  by  an  optical  collimating 
system.  On  each  photographic  plate 
an  image  of  these  cross  wires  is  im¬ 
pressed  by  the  collimator  system  to 
designate  the  exact  optical  center  of 
the  plate.  This  optical  center  is  sta¬ 
tioned  directly  over  the  Coast  and 
Geodetic  surveyed  point  located  ex¬ 
actly  on-course  and  approximately 
12.5  miles  from  the  beam  transmit¬ 
ter.  The  accuracy  of  measurement 
When  the  output  of  the  oscillator-  of  position  of  the  airborne  flash 
keyer  equipment  is  ungrounded,  the  tube  at  an  altitude  of  10,000  feet  is 
flash  tube  unit  is  automatically  of  the  order  of  two  feet, 
keyed  at  a  selected  rate  of  from  1  to  The  airplane  carrying  the  flash 
6  times  per  second.  This  is  accom-  tube  unit  is  equipped  with  an  auto- 
plished  by  grounding  and  un-  matic  coupling  unit  between  the 
grounding  the  grid  of  a  strobotron  beam  receiver  and  the  automatic 
tube  which,  when  ungrounded,  per-  pilot,  thus  making  it  possible  for 
mits  the  spark  coil  to  function  as  a  the  airplane  to  be  kept  exactly  on- 
gas  igniter.  Instantaneously  follow-  course  or  to  slowly  oscillate  about 
ing  the  ignition  of  the  gas  tube,  a  this  position.  The  test  airplane  is 
capacitor  charged  to  a  high  voltage  flown  at  night  and  the  zenith  camera 
discharges  through  the  flash  tube,  shutter  kept  open  during  each  flight, 
thus  providing  the  required  energy  Since  the  flash  tube  unit  operates 
for  a  high-intensity  flash  having  a  only  when  the  aircraft  is  exceed- 
duration  of  approximately  200  mi-  ingly  close  to  the  on-course  position, 
croseconds.  it  follows  that  a  centerline  drawn 

A  zenith  camera,  as  its  name  im-  through  the  recorded  dots  on  the 
plies,  is  one  designed  to  photograph  photographic  plate  represents  the 


iNitlal  AdiutfinaRts 

Azimuth  alignment  is  accom¬ 
plished  by  determining  the  true  po¬ 
sition  of  the  beam  signal  in  the 
manner  described,  then  shifting  the 
course  until  its  position  coincides 
with  the  surveyed  position.  Zenith 
camera  photographic  plates  are  de¬ 
veloped  in  the  field,  course  deviation 
is  quickly  computed,  and  this  infor¬ 
mation  transmitted  by  radio  to  the 
beam  transmitter  where  the  course 
is  shifted  the  desired  direction  and 
amount.  The  course  monitor  an¬ 
tenna,  located  400  feet  from  the 
beam  transmitter,  is  then  moved  to 
this  established  line-of-position  and 
is  henceforth  used  as  an  electronic 
benchmark  to  maintain  azimuth 
alignment.  Once  the  azimuth  align¬ 
ment  is  determined  at  the  initial  al¬ 
titude  of  5,000  feet,  the  test  airplane 
makes  passes  at  successive  altitudes 
up  to  its  ceiling.  Zenith  camera  rec¬ 
ords  of  these  flights  plotted  against 
altitude  determine  course  lean. 

Other  important  factors  that  en¬ 
ter  into  the  accuracy  of  this  system 
are  siting,  transmitter  antenna 
alignment,  receiver  course  center¬ 
ing,  and  the  equalization  of  course 
width.  In  selecting  sites  for  the 
beam  transmitters,  care  must  be 
taken  to  select  level  terrain  free 
from  reflecting  objects  such  as 
buildings,  trees,  or  power  lines.  Un- 
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that  which  is  perpendicular  to  the 
direction  of  the  two  beams  will  re¬ 
sult  in  flying  a  longer  course  than 
that  for  which  the  speed  is  com¬ 
puted.  Computed  speeds  will  be 

lower  than  actual  speed  and  will 

vary  with  heading  as  follows: 

Error  in 

HeaUing  Variation  Computed  Speed 
!•  u015% 

2* 

3*  ,0.137% 

4*  0.244% 

5*  0.381% 


Distance  bet^^een  the  two  beams 
has  been  determined  by  a  Coast  and 
Geodetic  Survey  which  is  accurate 
to  one  part  in  one  million.  Because 
of  the  curvature  of  the  earth,  the 
two  beams  are  not  parallel,  but 
spread  apart  slightly  as  a  function 
of  altitude  and  of  beam  separation. 
On  the  basis  of  a  ten-mile  beam  sep¬ 
aration,  this  spread  with  altitude 
amounts  to  151  feet  at  an  altitude  of 
60,000  feet.  The  beams  are  aligned 
and  maintained  to  within  50  feet 
at  a  distance  of  12.5  miles  from  the 
transmitter.  On  the  basis  of  a 
course  run  of  10  miles  and  both 
beams  off  the  maximum  amount  in 
opposite  directions,  this  error 
amounts  to  0.190  percent.  The  error 
introduced  by  chronograph  timing 
is  zizO.008  second.  On  the  basis  of  a 
speed  of  600  mph  and  a  course  run 
of  ten  miles,  this  error  is  0.0133 
percent,  which  is  negligible.  Using 
maximum  errors  that  can  be  reason¬ 
ably  assumed,  such  as  3-degree  vari¬ 
ation  in  heading,  beam  alignment  in 
error  by  100  feet  (two  beams  off  in 
opposite  directions)  and  a  0,008- 
second  timing  error,  the  maximum 
error  on  a  basis  of  600  mph  and  a 
run  of  10  miles  is  0.340  percent. 
The  probable  error  is  less. 

It  is  contemplated  that  radar 
tracking  equipment  will  be  used  to 
direct  the  pilot  over  the  course  at 
extreme  altitudes  and  in  times  when 
visibility  is  restricted.  Special  ra¬ 
dar  equipment  is  being  developed  to 
accurately  measure  speed  of  air¬ 
craft  in  dives,  pull-outs,  and  turns. 

The  all-altitude  speed  course  is 
now  in  operation  in  the  vicinity  of 
Wright  Field,  and  a  second  installa¬ 
tion  is  scheduled  for  Muroc  Army 
Air  Field,  California.  These  facili¬ 
ties  are  to  be  made  available  to  all 
branches  of  the  Armed  Services  as 
well  as  institutional  activities  such 
as  the  National  Advisory  Committee 
for  Aeronautics. 


Communication  oquipmont  for  contacting  tost  plane  and  beam  tronimitter  pertonnel. 
and  lenith  camera  used  for  azimuth  and  course  lean  measurements 


less  this  is  done  it  is  possible  that 
there  will  be  bends  in  the  course 
that  will  materially  reduce  the  over¬ 
all  accuracy  of  the  system. 

The  virtual  origin  of  an  antenna 
array  is  the  point  through  which 
the  equisignal  locus  passes.  In  plac¬ 
ing  the  antenna  array  over  the  sur¬ 
veyed  bench  work,  care  must  be 
taken  to  locate  and  align  the  virtual 
origin  properly  with  the  benchmark. 
All  receivers  are  adjusted  for  cen¬ 
tering  using  the  same  test  set  and 
making  comparison  with  a  selected 
standard.  It  has  been  found  that 
receivers  need  only  be  periodically 
checked  in  order  to  maintain  a  sat¬ 
isfactory  course  centering  adjust¬ 
ment.  Time  delays  resulting  from 
the  receivers,  relay,  and  associated 
equipment  are  constant  and  cancel 
out.  Inasmuch  as  the  recording 
chronograph  is  keyed  slightly  be¬ 
fore  the  on-course  position  on  the 
first  beam,  it  is  important  that  it 
be  keyed  the  same  amount  before 
the  on-course  position  on  the  sec¬ 
ond  beam.  In  order  to  avoid  any 
differential  error  resulting  from 
different  beam  widths,  both  beam 
transmitters  are  adjusted  to  the 
same  over  all  course  width  by  vary¬ 
ing  the  percent  modulation. 

Test  Run  Procedure 

Making  a  test  run  on  the  speed 
course  is  a  comparatively  simple 
operation.  The  pilot  first  sets  the 


channel  selector  on  the  control  box 
to  correspond  with  the  frequency  of 
the  first  beam  to  be  crossed.  After 
the  test  airplane  ha.s  reached  the 
desired  altitude  the  pilot  communi¬ 
cates  with  the  ground  operator  lo-  • 
cated  at  station  2,  announcing  the 
first  run.  He  then  flips  the  toggle 
switch  on  the  control  box  from 
Communication  to  Speed  Course ;  as 
the  airplane  crosses  the  first  beam 
on  a  heading  90  degrees  to  that  of 
the  beams,  the  ground  chronograph 
will  be  automatically  triggered  and 
both  the  airborne  and  ground  visual 
indicators  will  move  from  one  side 
to  the  other,  indicating  that  the  first 
beam  has  been  crossed.  The  pilot 
then  changes  the  channel  selector  to 
the  second  beam,  which  when 
crossed  automatically  keys  the  re¬ 
cording  chronograph  a  second  time. 
Two  pa.sses  are  made  in  opposite  di¬ 
rections  in  order  to  compensate  for 
wind  velocity.  The  elapsed  time  is 
read  from  the  chronograph  tape. 

Accuracy  of  Moosuremonts 

'  Although  several  possible  sources 
of  error  exist  in  the  present  all-alti¬ 
tude  speed  course,  the  total  errors 
add  up  to  considerably  less  than  0.5 
percent.  The  heading  of  the  air¬ 
craft  over  the  course  will  not  be  ex¬ 
actly  as  desired,  but  it  is  reasonable 
to  assume  that  its  direction  may  be 
held  with  less  than  a  three-degree 
variation.  Any  heading  other  than 
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Control  ponol  omployod  np  on  tho  raxfooo 


Tho  undorwolor  toloTlslon  ceanora.  tncloood  to  Ha  sto^  cyllndor.  Tho  glow  portholo 
through  which  It  oporotod  may  bo  toon  In  tho  cotoi 


-By  CHRISTIAN  L.  ENGLEMAN- 

Project  Officer,  Bikini  Scientific  Reaurvey 
Captain,  U8N 


OCEAN  DEPTHS  heretofore  im¬ 
penetrable  to  even  the  most 
skillful  deep-sea  divers  may  soon 
be  open  to  scientific  investigation 
and  observation  through  the  me¬ 
dium  of  underwater  television. 

At  Bikini,  scientists  and  military 
personnel  during  the  past  summer 
successfully  used  television  at 
depths  as  great  as  180  feet.  Top¬ 
side,  aboard  the  control  ship,  ob¬ 
servers  watched  the  images  of  fish, 
portions  of  sunken  ships,  and 
divers,  play  across  the  television 
screen  in  newsreel-like  sequence. 

Naval  airborne  television  equip¬ 
ment,  built  around  the  2P21  multi- 
plier-orthicon  tube  manufactured 
by  the  Radio  Corporation  of  Amer¬ 
ica,  and  modified  for  underwater 
application  by  the  Cornell  Aero¬ 
nautical  Laboratory,  was  used. 

The  Navy’s  interest  in  under¬ 
water  television  was  twofold :  First, 
it  hoped  to  determine  the  feasibility 
of  such  equipment  in  undersea  in¬ 
vestigations;  second,  it  was  inter¬ 
ested  in  testing  the  equipment  as 
an  aid  to  diving  operations. 


The  equipment  consisted  of  a 
straightforward  television  system 
using  350  lines  per  frame,  no  inter¬ 
lacing,  and  producing  40  frames 
per  second.  It  provided  a  high  order 
of  response  to  low  light  levels. 

Basically,  the  problem  was  to 
modify  a  television  camera  enclosed 
in  a  waterproof  housing  so  that 
while  resting  on  the  lagoon  bottom 
or  suspended  over  a.  sunken  object 
it  could  be  adjusted  for  best  optical 
and  electrical  performance  by  an 
operator  at  the  surface. 

Building  the  housing  was  rela¬ 
tively  simple.  A  cylindrical  con¬ 
tainer  made  of  i-inch  heat-treated 
mild  steel  with  a  tensile  strength  of 
125,000  lb  was  designed.  Overall 
measurements  of  the  housing  were 
30  inches  long  and  17i-inches  in¬ 
side  diameter.  With  all  equipment 
installed,  the  housing  weighed  250 
lb.  Underwater  it  had  an  actual 
weight  of  65  lb.  The  camera  was 
secured  on  six  rubber  insulation 
mounts  to  protect  it  from  shock.  A 
f-inch-thick  plate-glass  window  in 
the  housing  constituted  a  porthole 


through  which  the  camera  televised 
underwater  scenes. 

Three  cables  between  the  sub¬ 
merged  camera  unit  and  the  control 
panel  and  monitor  equipment  on 
the  surface  entered  the  housing 
through  separate  sealing  glands 
built  into  the  rear  of  the  housing. 
These  glands  were  of  a  type  similar 
to  those  used  in  naval  mines  during 
the  war.  The  three  cables  consisted 
of,  (A)  a  19-conductor  line  that 
transmitted  power  and  control  volt¬ 
age  from  the  surface  down  to  the 
camera  unit,  (B)  the  video  coaxial 
line  and,  (C)  the  sync  coaxial  line. 
A  supporting  line  (2,650  lb  test) 
was  married  to  the  three  cables. 

Remote  Control  Focusing 

•  The  camera’s  focusing  control 
was  regulated  remotely  by  means  of 
an  electrical  mechanism.  A  worm 
drive,  attached  to  a  metal  bracket 
secured  to  the  camera  lens,  was 
geared  to  a  reversible  28-volt  d-c 
motor  attached  to  the  front  of  the 
camera.  By  means  of  a  single-pole 
double-throw  switch,  direction  of 
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TELEVISION 


A  camera,  inclosed  in  a  watertight  cylinder  and  remotely  controlled  from  the  surface, 
was  tested  at  depths  down  to  180  feet  in  Bikini  lagoon.  Future  military,  scientific,  and 
commercial  applications  of  the  system  are  explored 


means  of  a  series  of  dropping  re¬ 
sistors.  For  regulation,  storage 
batteries  were  floated  across  the 
reduced  voltage  supplies. 

It  became  necessary  to  abandon 
the  idea  of  using  the  ship’s  power 
system  because  of  circulating  cur¬ 
rents.  The  television  unit  required 
a  giy)und  on  the  negative  side  of  the 
power  line.  Using  batteries  to  sup¬ 
ply  all  the  power,  it  was  noted  that 
the  electrical  focus  potentials 
drifted  slowly  as  the  batteries  dis¬ 
charged  and  occasional  refocusing 
was  necessary.  Effective  stabiliza¬ 
tion  of  the  focusing  potentials  in 
the  camera  and  remote  control  cir¬ 
cuits  is  a  requirement  for  extended 
use  of  the  system. 

*  Object  Lighting 

The  original  equipment  used  at 
Bikini  had  two  1,000-watt  standard 
Navy  diving  lights,  attached  on 
arms  protruding  from  the  sides  of 
the  water-tight  camera  housing. 
These  lights,  operated  from  the 
ship’s  120-volt  d-c  power  system, 
were  rigged  through  the  remote 
control  panel  with  rheostats  cap¬ 
able  of  reducing  intensity  of  illumi¬ 
nation  when  necessary. 

In  the  strong  tropical  sunlight 
and  unusually  clear  water  encount¬ 
ered  in  the  central  Pacific,  diving 
lights  proved  to  be  unnecessary  and 
were  removed  from  the  gear  after 
two  tests.  However,  from  the  ex¬ 
perience  gained  in  those  tests,  it 
was  found  that  lights  can  be  used 


Photograph  mode  from  the  receiTor  tcreon  during  the  BUdni  test.  Fish  are  teen  possp 
ing  orer  debris  on  the  deck  of  a  sunken  ship 


lengths  used  in  normal  surface  op¬ 
erations.  To  compensate  for  the 
attentuation,  engineers  designed 
and  built  a  video-sync  amplifier 
matched  to  coaxial  cable  type  RG- 
41/U,  with  characteristic  imped¬ 
ance  of  68  ohms. 

The  unit  included  separate  sec¬ 
tions  for  the  video  and  sync  signals. 
Each  section  contained  two  stages 
of  amplification  and  the  video  sec¬ 
tion  had  a  cathode-follower  coupling 
stage  to  effectively  feed  the  input 
of  the  monitor  unit  video  amplifier 
whose  impedance  was  200  ohms. 

Electrical  Problems 

Primary  source  of  power  for  the 
tdevision  equipment  and  its  lights 
was  to  have  been  the  ship’s  120-volt 
d-c  generator.  Arrangements  were 
made  to  decrease  that  power  to  the 
required  voltages  of  28  and  36  by 


the  current  through  the  field  wind¬ 
ing  of  the  motor  could  be  reversed 
to  change  the  direction  of  the  rota¬ 
tion.  A  solenoid-released  friction 
brake  stopped  the  shaft  from  rotat¬ 
ing  the  instant  power  was  removed, 
insuring  that  the  camera’s  lens 
would  not  be  moved  too  far  forward 
or  too  far  back. 

Adapting  the  camera  for  remote 
control  required  other  modifica¬ 
tions.  These  included  orthicon  tar¬ 
get  control,  beam  control,  image 
focusing,  orthicon  focusing  and 
multiplier  focusing.  Of  these  con¬ 
trols  one,  image  focusing,  was 
found  to  be  quite  stable  and  modi¬ 
fication  will  not  be  required  in 
future  operations. 

The  remote-control  television  sys¬ 
tem  required  transmission  of  video 
and  sync  impulses  over  400  feet  of 
cable  in  contrast  to  the  shorter 


ROBOTS  DON'T  GET  BENDS 


Examination  of  submarine  objects 
prior  to  raising,  repair,  or  construction, 
is  0  difficult,  slow,  and  often  dan¬ 
gerous  job  for  divers. 

Preliminary  studies  of  how  things 
stand  below  can  be  occomplished  by 
television,  safely,  and  at  great  depths 
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treme  depths  than  is  possible 
through  the  use  of  divers. 

It  is  within  the  realm  of  possibil¬ 
ity  that  television  could  provide  an 
eye-on-a-stick  method  for  quick  and 
accurate  examination  of  under¬ 
water  portions  of  a  ship’s  hull  even 
when  that  ship  is  at  sea.  The  equip¬ 
ment’s  possibilities  in  bottom  ex¬ 
amination  of  harbors  and  channels, 
provided  proper  lighting  methods 
can  be  achieved,  are  unlimited. 

Commercial  Uses 

In  the  field  of  science,  underwater 
television  opens  many  new  channels 
of  investigation.  Marine  life  con¬ 
ceivably  can  be  studied  in  water 
depths  never  before  penetrated  by 
man. 

Geologists  look  upon  the  equip¬ 
ment  as  a  potentially  useful  tool  in 
conducting  underwater  studies  of 
bottom  formations  and  submerged 
reef  areas.  To  oceanographers  tele¬ 
vision  has  many  possible  uses,  par¬ 
ticularly  in  the  study  of  currents  at 
varying  depths. 

Several  possible  commercial 
adaptations  can  be  anticipated. 
Salvage  companies  will  find  under¬ 
water  television  as  useful  to  them 
as  it  promises  to  be  to  the  military. 
In  harbor  work  or  other  engineer¬ 
ing  or  construction  projects,  where 
undersea  examination  is  necessary, 
it  can  provide  a  fast  and  compara¬ 
tively  easy  method  of  conducting 
extensive  subsurface  examinations. 
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overcast  to  bright  sunlight  and  in 
depths  of  water  from  80  to  180  feet. 
In  one  test  two  cameras  were  used, 
one  resting  on  the  deck  of  a  sunken 
ship  and  the  other  suspended  above 
the  deck  and  focused  on  the  other 
unit. 

One  of  the  senior  scientists  par¬ 
ticipating  in  the  Resurvey,  sitting 
in  front  of  the  monitor  screen  in 
the  afterhold  of  the  control  ship, 
was  able  to  identify  and  accurately 
catalog  several  dozen  varieties  of 
fish  photographed  by  the  camera  in 
the  depths  of  the  lagoon. 

The  television  unit’s  green  screen 
took  on  the  appearance  of  an  aquar¬ 
ium  window  whenever  fish  chanced 
to  swim  past  the  lens  of  the  under¬ 
water  camera. 


most  effectively  if  they  are  posi¬ 
tioned  so  as  not  to  illuminate  ob¬ 
jects  suspended  between  the  camera 
and  the  subject  to  be  televised. 

Camera 

The  camera  used  in  the  tests  was 
equipped  with  an  f/3.5  Woolensak 
vellastigmat  lens.  The  camera  had 
a  maximum  angle  of  view  of  24  de¬ 
grees  across  the  diagonals  of  the 
image  rectangle.  This  narrow  field 
proved  to  be  a  hindrance  in  under¬ 
water  work  from  the  standpoint  of 
orientation.  An  angle  of  75  de¬ 
grees  would  have  proved  more  prac¬ 
tical. 

The  maximum  distance  the  cam¬ 
era  was  designed  to  cover  was  20 
feet.  However  in  tests  on  the 
sunken  submarine  Apogon  the 
equipment  photographed  objects  30 
feet  away  and  transmitted  images  Remote-control  television,  as 
clearly.  demonstrated  at  Bikini,  has  many 

The  remote  lens-focusing  con-  possible  adaptations  of  military 
trols,  regulated  from  the  ship,  oper-  significance,  particularly  in  sub- 
ated  too  slowly  to  hold  a  swimming  marine  salvage  work, 
fish  in  focus.  However,  there  is  no  Cameras  focused  on  the  hull  of  a 
mechanical  reason  that  would  pre-  sunken  ship  could,  if  properly 
vent  an  increase  in  the  focusing  lighted,  within  a  short  time  project 
speed.  A  more  satisfactory  solu-  a  picture  of  damage  to  the  screens 
tion  would  probably  be  an  increase  topside  for  technicians  to  study, 
in  sensitivity  of  the  pickup  tube  to  Relying  on  the  eyes  of  the  sub¬ 
allow  the  lens  aperture  to  be  stop-  merged  cameras,  experts  could 
ped  down,  with  resultant  increase  formulate  a  workable  salvage  plan 
in  depth  of  focus.  in  a  minimum  amount  of  time.  In 

subsequent  operations  television 
est  esu  ts  would  be  invaluable  in  checking  re- 

Five  underwater  television  tests  suits  and  reporting  salvage  pro- 
were  conducted  with  the  equipment,  gress.  It  would  also  permit  surveys 
in  weather  varying  from  cloudy  for  longer  periods  of  time  at  ex- 


Military  Possibilities 
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Supeiiegenerative 
Circuit  Applications 


Survey  of  equipment  Utilizing  superregenera  live  circuits  includes  iff  gear,  telemetering 
systems,  radar  beacons,  remote-control  devices  and  f-m  receivers.  Difficulties  in  analyzing 
basic  circuit  performance  necessitate  the  empirical  design  considerations  outlined  here 


measurements.  These  methods  are 
similar  to  those  employed  in  the 
treatment  of  class-C  amplifiers, 
large-*^ignal  detectors,  and  frequen¬ 
cy  converters.  In  many  special 
phases  of  the  general  problem,  how¬ 
ever,  advanced  analytical  methods 
are  justified. 

Many  of  the  design  requirements 
are  contradictory  to  one  another, 
so  that  the  final  design  must  often 
be  a  poor  compromise  among  high 
sensitivity,  high  selectivity,  high 
fidelity,  efficient  avc  operation  and 
faet  recovery  time.  One  reason  for 
this  vagueness  in  design  is  that  not 
enough  is  known  about  the  basic 
mechanism  of  superregeneration. 
The  sometimes  unpredictable  beha¬ 
vior  of  these  circuits  is  often  due 
to  incomplete  information  about 
circuit  and  tube  fundamentals,  such 
as  the  variation  of  effective  dissi¬ 
pation  during  the  quenching  cycle, 
the  influence  of  circuit  Q,  and  the 
effect  of  variation  of  tube  coeffi¬ 
cients. 


The  technical  term  superre¬ 
generation  was  introduced  in 
1922  by  E.  H.  Armstrong,  who  is 
also  credited  with  the  invention  of 
the  superregenerative  receiver*.  In 
simultaneous  work,  other  engineers 
utilized  the  basic  concept  of  super¬ 
regeneration,  intentionally  or  un¬ 
intentionally,  as  illustrated  by  the 
contemporary  patent  literature. 
The  collected  patents  and  the  few 
papers  published  outline  the  history 
of  superregeneration  up  to  the  be¬ 
ginning  of  World  War  II.  During 
the  war,  the  most  important  appli¬ 
cations  were  classified.  Consequent¬ 
ly,  the  war  archives  of  the  U.  S. 
Government  are  now  the  repository 
of  the  complete  and  accurate  story 
of  the  development. 

Superregeneration  can  be  defined 
as  the  condition  in  a  regenerative 
system  that  produces  a  growing 
transient  of  oscillation,  prevented 
from  becoming  a  sustained  oscilla¬ 
tion  by  means  of  a  repeated  quench¬ 
ing  action.  The  envelope  form  and 
repetition  rate  of  the  transient  or 
wave  train  depend  upon  the  initial 
conditions,  which  may  be  controlled 
by  a  modulated  wave  in  such  a  man¬ 
ner  that  later  rectification  of  the 
transient  yields  the  modulation 
signal.  Simplified  diagrams  of  self- 
and  externally  quenched  superre¬ 
generative  detectors  are  shown  in 
Fig.  1. 

An  equivalent  circuit  can  be 
drawm  for  the  superregenerative 
detector,  taking  into  account  the 
inductance,  capacitance,  and  resist¬ 
ance  of  the  tank  circuit,  the  vary¬ 
ing  impedance  presented  by  the 
periodically  quenched  tube,  and  ex¬ 


Chief,  Communications  Laboratory 
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Watson  Laboratories 
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FIG.  I — Simplilied  circuit  diogroani  ol 
basic  ■upsrrsqeneratiTe  datectort.  Rela¬ 
tion  between  R  and  C  permits  periodic 
blocking  in  seli-quenched  detector  (top); 
oscillotion  in  externally  quenched  detector 
(bottom)  is  turned  on  ond  off  by  separate 
quench-Toltage  source 


Inherent  Noise 


ternal  impedance  introduced  into  Although  the  superregenerative 
the  circuit,  as  for  example,  reflected  receiver  is  famous  for  high  gain,  its 
antenna  impedance.  Then,  if  a  sig-  noise-muting  sensitivity  generally 
nal  voltage  is  assumed  to  be  im-  is  not  high  enough.  In  addition,  the 

pressed  on  the  circuit,  one  can  write  characteristic  noise  produced  in  the 

a  differential  equation  involving 
the  instantaneous  tank-circuit  cur¬ 
rent  and  its  derivatives.  Finding 
solutions  for  this  nonlinear  differ¬ 
ential  equation  is  a  difficult  proc¬ 
ess,  a  fact  that  has  hindered  the 
superregenerative  receiver  design¬ 
er. 

The  complexities  that  arise  in  a 
rigorous  mathematical  treatment  of 
this  extremely  nonlinear  type  of  cir¬ 
cuit  may  be  bypassed  by  the  use  of 
graphical  methods  related  to  bench 


OLD  IDEA,  NEW  INTEREST 


Wartime  reseorch  produced  wide  mili¬ 
tary  applications  of  superregenerative  cir¬ 
cuits.  As  a  result  of  this  experience,  they 
are  again  being  studied,  this  time  for 
possible  use  in  f-m  reception. 

The  author  reviews  some  applications 
of  these  circuits  that  are  now  unclassified, 
and  points  out  problems  yet  to  be  solved 
if  their  full  utility  is  to  be  realized 


From  a  lecture  on  Superregeneratlon, 
Nalional  Convention  of  IRE,  New  York, 
March  3-6,  1947. 
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FIG.  3 — ^PqsHlTe  puUra  fed  to  righthond 
triode  speed  transmitter-circuit  recorery 


FIG.  2 — Aotomodc  goto  stabilisotion  (ags)  drcult.  When  snperregeneratfre- 
detector  bias  Toltages  drift  this  feedback  circuit  acts  to  correct  the  deriotion 


Buperregenerative  circuit  in  the  ab-  The  quench  frequency  required 
sence  of  a  signal  or  in  the  presence  increases  with  carrier  frequency, 
of  a  weak  signal,  is  a  serious  defect.  Accordingly,  the  absolute  band- 
Such  noise  can  be  reduced  by  auto-  width  increases  with  carrier  fre- 
matically  or  manually  lowering  the  quency.  The  important  character- 
sensitivity  of  the  circuit.  Unfortu-  istic,  however,  is  the  bandwidth 
nately,  the  use  of  a  preamplifier  relative  to  the  signal  frequency.  In 
does  not  generally  improve  the  sig-  general,  a  superregenerative  re- 
nal-to-noise  ratio  as  shot  effect  and  ceiver  can  be  said  to  compare  more 
beating  of  an  incoming  signal  with  favorably  with  other  receivers  at 
noise  components  reduce  the  noise-  higher  signal  frequencies, 
muting  sensitivity  to  about  the  High  distortion  is  a  classical  limi- 
same  value  as  is  obtained  without  tation  of  superregenerative  circuits, 
the  preamplifier.  particularly  in  logarithmic  mode. 

Since  the  output  of  the  superregen¬ 
erative  detector  varies  logarithmi- 

Radiation  is  a  t3rpical  defect,  par-  cally  with  the  degree  of  modula- 
ticularly  noticeable  when  several  tion  of  the  signal,  volume  expansion 
superregenerative  receivers  operate  occurs  when  the  modulation  rises 
close  together.  These  effects  can  be  above  approximately  60  percent, 
minimized  by  reducing  antenna  This  effect  is  undesirable  in  corn- 
coupling,  quench-frequency  voltage  munications  and  broadcast  receiv- 
amplitude,  and  amplitude  of  oscil-  ers.  In  pulsed  systems,  distortion 
lation.  Such  ameliorating  changes  of  the  pulse  shape  occurs,  limiting 
generally  result  in  poerer  operation  accuracy  of  triggering  and  coding 
in  other  respects.  A  preamplifier  and  inhibiting  fast  operation, 
ahead  of  the  superregenerative  cir¬ 
cuit  will  reduce,  and  in  some  cases 
almost  eliminate  radiation. 

A  frequency  converter  can  pre¬ 
cede  the  superregenerative  circuit 
to  act  as  a  buffer.  Such  an  arrange¬ 
ment  may  not  appreciably  reduce 
radiation  because  of  the  recombina¬ 
tion  of  sum  and  difference  compo¬ 
nents  inherent  in  a  converter. 

Bandwidth 

Inherent  avc  in  superregenerative 
circuits  regulates  the  gain  when  the 
circuit  is  detuned  from  the  mid¬ 
frequency  of  a  given  signal.  This 
and  other  effects  generally  cause 
poor  selectivity  at  medium  and 
high  frequencies.  Multiple-reso¬ 
nance  phenomena  cause  broad  and 
nonuniform  response,  although  this 
is  not  necessarily  a  disadvantage  in 
some  applications. 


superregenerative  circuit  or  the 
quench-voltage  amplitude. 

The  superregenerative  circuit  is 
subject  to  a  number  of  forms  of  in¬ 
stability.  One  undesirable  form  is 
jitter,  encountered  in  pulse  recep¬ 
tion  and  transmission  circuits.  Jit¬ 
ter  is  characterized  by  a  nonuni¬ 
form  starting  rate  of  the  oscillation 
wave  trains.  Even  slight  mismatch¬ 
ing  between  antenna  and  line,  or 
line  and  receiver,  can  cause  such 
disturbances  because  of  reflection 
of  wave-train  oscillations  at  the 
point  of  mismatch.  When  the  re¬ 
flected  oscillations  arrive  at  the  re¬ 
ceiver,  they  start  an  additional 
wave  train  which  interferes  with 
proper  operation  of  the  receiver. 


Radiation 


Centimeter>Wave  Operation 

In  the  centimeter-wave  region, 
lighthouse  tubes,  reflex  klystrons 
and  magnetrons  permit  superre¬ 
generative  operation  and  provide 
useful  signal  reception.  At  these 
frequencies,  however,  such  receiv¬ 
ers  have  serious  limitations,  such 
as  high  noise  level  and  the  need  for 
extra  tubes  for  control  purposes. 

The  superregenerative  receiver 
can  be  considered  as  an  intermit¬ 
tently  operating  transmitter,  and 
indeed  the  receiving-tube  circuit 
is  frequently  used  for  transmission 
in  transmitter-receiver  equipment 
Although  such  a  design  reduces 
size  and  weight,  it  has  many  short¬ 
comings,  particularly  when  the 
transmitter  and  receiver  must  be 
tunable  within  different  frequency 
bands  and  when  the  transmitter 
must  operate  with  high  frequency 
stability.  Automatic  gain  stabiliza* 
tion  may  not  be  applicable  for  pulse 
reception  in  a  superregenerative 
transmitter-receiver  because  of 
troublesome  time  constants  in  com¬ 
mon  circuit  elements. 
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Sources  of  Instability 

Changes  in  antenna  loading, 
which  can  occur  when  rotational 
antennas  are  used,  as  well  as 
changes  in  the  loading  presented  by 
the  video  or  audio  amplifier  coupled 
through  a  rectifier  to  the  oscillating 
circuit,  can  inhibit  the  superregen¬ 
erative  action. 

In  pulse  reception,  the  sensitivity 
of  the  superregenerative  circuit 
must  be  closely  controlled  so  that 
uniform  response  to  incoming 
pulses  is  secured  and  operation  on 
weaker  pulses  and  disturbances 
avoided.  This  control  is  accom¬ 
plished  by  the  automatic  gain  sta¬ 
bilization  (ags)  circuit,  an  example 
of  which  is  shown  in  Fig.  2.  The 
ags  circuits  regulate  the  amplitude 
of  the  noise-initiated  oscillations  by 
contrplling  either  the  bias  of  the 
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FIG.  5 — Typical  lopcrregcneratiTe  9as-tub«  drcnit  ailords 
compact.  Ughtwoight  moan*  of  octnotiag  roloy  by  radio  rignol 


fig.  4 — SuporrogonorotiTo  l-f  limitor  drcnit  Qnonch  Toltage 
of  tuitablo  woTOshope  pormiti  noorly  comploto  limiting 


forms,  practically  complete  limiting 
can  be  obtained.*  Cascade  circuits 
with  a  second,  time-^ielayed,  super- 
regenerative  amplifier  have  proven 
useful.  All  these  circuits  operate 
on  the  basic  principle  that  the  per¬ 
centage  of  a-m  appearing  in  the  r-f 
output  of  a  superregenerative  am¬ 
plifier  will  be  smaller  than  that 
existing  in  the  incoming  wave. 

Gas-Tube  Relay  Circuits 

Properly  modified  superregen¬ 
erative  circuits  of  conventional 
form  are  used  to  operate  relays, 
particularly  for  the  control  of  tar¬ 
get  aircraft.  Superregenerative 
gas-tube  circuits,  using  thyratrons, 
are  also  used  for  similar  purposes, 
but  have  the  following  limitations: 
unreliable  control  due  to  lack  of 
precision  in  gas-tube  operation,  de¬ 
pendence  of  tube  on  ambient  tem¬ 
perature,  critical  bias  voltages,  and 
short  tube  life.  Hard-tube  super¬ 
regenerative  circuits  can  be  de¬ 
signed  to  give  sufficient  plate-cur¬ 
rent  variation  with  a  small  inter¬ 
rupted  signal,  or  for  a  given  ampli¬ 
tude  or  frequency  change  in  a  c-w 
signal. 

Figure  5  shows  a  circuit  diagram 
of  one  form  of  modern  gas-tube  su¬ 
perregenerative  relay.*  The  tube  in 
combination  with  the  plate-voltage 
source,  resistor  R  and  capacitor  C» 
constitutes  an  a-f  sawtooth  oscilla¬ 
tor.  Normally,  a  relatively  large  d-c 
flows  through  the  relay  winding 
and  keeps  the  relay  energized.  In 
addition  to  its  sawtooth  oscillation, 
the  tube  also  quenches  at  a  super- 
audible  rate,  and  therefore  main¬ 
tains  an  average  negative  potential 
on  its  grid.  A  third  oscillation  is 
present  in  the  tank  circuit  L,  Ci,  Ct, 
consisting  of  wave  trains  of  con¬ 
stant  energy.  When  a  sufficiently 
strong  signal  is  impressed  on  the 


Beacon  and  iff  equipment,  utiliz¬ 
ing  a  common,  transmitter-receiver, 
circuit,  nna; 


tank  circuit  through  the  antenna, 
the  wave-train  energy  and  repeti¬ 
tion  rate  change  so  as  to  make  the 
grid  slightly  more  negative.  This 
change  in  grid  voltage  prevents  the 
tube  from  firing,  so  that  the  relay 
current  drops  to  a  very  much 
smaller  value,  tripping  the  relay. 
The  device  can  be  operated  with 
signal  on  or  off  for  rest  position  of 
the  relay. 

Although  small  size  and  light 
weight  are  particular  advantages 
of  superregenerative  circuits,  their 
increasing  use  in  balloon  transceiv¬ 
ers,  guided  missiles,  and  the  like, 
no^  necessitates  new  inventions  to 
reduce  their  weight  still  further. 

The  superregenerative  circuit 
has  important  applications  in  re¬ 
mote  control  of  missiles,  telemeter¬ 
ing  of  missile  control  data,  target 
seeking,  radar  beacons,  iff  equip¬ 
ment,  and  a  variety  of  circuits  for 
remote  control  of  switches  and 
relays.  Means  for  rapid  coding,  re¬ 
ception  of  secret  messages,  and  in¬ 
sensitivity  to  certain  types  of  inter¬ 
ference  and  jamming  are  inherent 
advantages  of  the  superregenera¬ 
tive  circuit  that  are  important  for 
these  applications.  On  the  other 
hand,  since  such  applications  also 
give  rise  to  more  rigorous  require¬ 
ments  on  receiver  stability  and  re¬ 
liability  under  adverse  weather 
conditions,  the  need  for  improve¬ 
ment  in  superregenerative  receiv¬ 
ers  has  become  very  great.  A  rich 
field  for  exploration  is  open  here  to 
the  serious  research  worker  and 
development  engineer. 


superregenerative 
have  a  period  of  insensitivity,  or 
dead  time,  amounting  to  several 
milliseconds  following  reply  to  a 
challenging  signal.  This  large  dead 
time  is  caused  in  part  by  the  use  of 
a  single  tube  for  receiving  and 
transmitting.  Fast-operating  cir¬ 
cuits  have  been  designed  to  remedy 
this  condition  and  can  be  arranged, 
for  example,  rapidly  to  discharge 
transmitter  bjrpass  capacitors,  as 
shown  in  Fig.  3.  The  need  for  fast 
recovery  enters  into  many  applica¬ 
tions  of  superregenerative  circuits 
and  is  sometimes  one  of  the  hardest 
requirements  to  satisfy. 

F-M  Circuits 

Superregenerative  circuits  can 
be  utilized  in  many  different  ways 
for  f-in  reception,  but  not  always 
with  advantage.  Slope  detection 
can  be  utilized  but  may  produce  an 
undesirable  form  of  the  multiple- 
resonance  curve  and  the  response  of 
the  circuit  to  amplitude  variations. 
For  f-m  receiver  applications,  a  con¬ 
verter  can  be  used  to  obtain  an  i-f 
that  is  higher  than  the  frequency 
of  the  incoming  signal,  and  a  super¬ 
regenerative  amplifier  can  then  be 
utilized  in  a  lock-in  type  of  circuit. 
A  second  converter  provides  the 
following  discriminator  with  an 
input  of  sufficiently  low  frequency. 
Possibilities  exist  for  developing 
good  superregenerative  f-m  receiv¬ 
ers,  based  on  simplification  of  the 
designs  suggested  here,  or  on  other 
approaches. 

The  use  of  superregenerative  am¬ 
plifier  circuits  as  either  r-f  or  i-f 
limiters  in  f-m  receivers  is  of  par¬ 
ticular  interest.  An  example  of 
such  a  circuit  is  shown  in  Fig.  4. 
By  the  use  of  special  quench  wave 


(1)  U.S.  Patent  1,424,065,  issued  to 
E.  H.  Armstrong. 

(2)  U.S.  Patent  2,273,090,  issued  to 
M.  Q.  Crosby. 

(3)  U.S.  Patent  2,333,119,  issued  to 
R.  H.  Packard. 
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F-M  Transmitter 


By  H.  P.  THOMAS 
and  L  M.  LEEDS 

TtxinamiUer  Diviaion 
gleetronica  Dept. 
General  Electric  Co. 
Bpraeuae,-  N.  Y. 


The  performance  of  f-m  broad¬ 
cast  transmitters  is  based  pri¬ 
marily  on  the  requirements  of  the 
Federal  Communications  Commis¬ 
sion  which  specify  the  overall  per¬ 
formance  of  the  entire  transmitting  . 
system  from  microphone  input  to 
antenna  output.  No  definite  portion 
of  the  total  system  degradation  is 
assigned  to  the  transmitter  proper, 
although  in  the  case  of  harmonic 
distortion  it  is  recommended  that 
the  transmitter  should  not  contrib¬ 
ute  more  than  half  the  total. 

When  the  system  is  made  up  of 
studio  equipment  and  some  circuit 
such  as  a  telephone  line  or  radio 
link  between  the  studio  and  trans¬ 
mitter  it  would  be  desirable  to  have 
the  transmitter  contribute  less  than 
one  third  of  the  total.  The  Radio 
Manufacturers  Association  has  es¬ 
tablished  minimum  transmitter 
performance  specifications  which 
approach  this  degree  of  system  over  a  voltage  range  of  at  least +20 
perfection,  as  shown  in  Table  1.  to  —10  dbm,  or  should  be  used  in 

combination  with  an  adjustable  cal¬ 
ibrated  attenuator  to  give  the  same 
range  of  input  voltages. 

A  pad  of  at  least  10  db  should 
precede  the  transmitter  input  in 
order  to  provide  isolation  between 
the  audio  input  equipment  and  the 
transmitter  input. 


Rack  contoliilng  compUts  •quipiopnt  nted  for  troannlttar  pcrionncrac*  tMti. 
Thomai  adjuita  the  noise  and  distortion  meter;  abore  are  the  audio  oscill 

i-m  station  monitor 


tector  to  prevent  small  amounts  c 
amplitude  modulation  of  the  trail: 
mitter  carrier  from  affecting  th« 
readings.  A  minimum  of  20-db  lim¬ 
iting  is  considered  necessary,  and 
between  30  and  40  db  is  desirable. 
Fortunately,  f-m  station  moniton 
available  that  have  suflki- 


Aadie  iapat  Signal 

The  equipment  necessary  in  order 
to  measure  the  audio  frequency 
characteristics  of  the  transmitter 
is  shown  as  a  block  diagram  in  Fig. 
1.  The  source  of  audio  input  must 
cover  the  frequency  range  from  at 
least  50  to  15,000  cycles  with  low 
harmonic  and  hum  output,  and  have 
an  audio  output  level  of  at  least 
+20  dbm  (7.7  volts  rms  in  600 
ohms).  The  output  should  be  bal¬ 
anced  to  ground  if  a  balanced  input 
is  to  be  used  in  the  transmitter. 

Following  the  audio  oscillator 
some  method  must  be  provided  of 
measuring  input  level,  such  as  a  cal¬ 
ibrated  vu  meter  or  vacuum  tube 
voltmeter  that  will  read  correctly 
at  all  frequencies  from  50  to  15,000 
cycles.  This  instrument  should  read 


are  now 

ently  good  performance  to  meet  the 
needs  of  this  element  of  the  meas¬ 
uring  system,  and  since  a  station 
monitor  is  required  equipment  at 
every  commercial  f-m  transmitter, 
it  is  normally  available  for  meas- 
The  use  of  the 


Oatpat  Detector 

An  f-m  detector  to  convert  the 
transmitter  output  to  an  audio  fre¬ 
quency  signal  must  be  used  to  moni¬ 
tor  the  transmitter.  This  element 
of  the  measurement  system  is  of 
considerable  importance  as  it  must 
have  low  harmonic  distortion,  low 
noise  level,  and  a  flat  frequency 
characteristic  in  order  not  to  affect 
the  measurements  of  transmitter 
performance.  There  also  should  be 
sufficient  limiting  in  the  f-m  de- 


urement  purposes, 
f-m  station  monitor  also  makes  dej 
termination  of  the  percent  modula¬ 
tion  of  the  transmitter  very  simple 
as  a  calibrated  meter  is  provided 
which  reads  this  value  directly. 

A  de-emphasis  circuit  having  the 
standard  75-microsecond  time  con¬ 
stant  is  necessary  in  order  to  trans¬ 
late  back  to  a  flat  system.  This  is 
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Performance  Measurements 


Frequency  response,  harmonic  distortion,  a-m  and  f-m  noise  in  f-m  broadcast  trans¬ 
mitters  must  be  held  within  legal  limits.  Techniques  of  using  standard  test  equip¬ 
ment  in  meeting  FCC  requirements  for  proper  performance  are  described  in  detail 


It  rmally  provided  in  the  f-m  sta-  tortion  meter.  Although  not  essen- 
ti  on  monitor,  in  which  case  it  does  tial,  it  is  of  assistance  in  analyzing 
jot  need  to  be  provided  separately,  the  character  of  the  distortion  or 

noise  being  measured. 

The  procedure  for  measuring  fre¬ 
quency  response  is  merely  to  read 
the  input  voltage  required  to  main¬ 
tain  a  given  percentage  modulation 
as  indicated  by  the  station  monitor. 
The  input  can  be  read  directly  in 
db  if  an  input  attenuator  or  vu 
meter  is  used  for  measuring  input 
level,  or  voltage  readings  can  be 
converted  to  db  so  that  the  response 
can  be  plotted  in  db  to  give  a  curve 
as  shown  in  Fig.  2,  which  is  of  the 
form  required  by  the  FCC  stand¬ 
ards  of  good  engineering  practice. 

Data  on  harmonic  distortion  are 
taken  by  passing  the  input  signal 
from  the  audio  oscillator  through 
the  system,  balancing  out  the  funda¬ 
mental  frequency  in  the  noise  and 
distortion  meter,  and  reading  the 
residual  distortion  components  by 
means  of  the  vacuum  tube  voltmeter 
in  the  instrument.  These  readings 
can  be  made  at  various  percentages 
of  modulation,  as  indicated  by  the 
station  monitor  modulation  level 
indicator.  An  example  of  one  such 
curve  is  shown  in  Fig.  3. 

The  f-m  carrier  noise  level  is 


read  by  modulating  the  transmitter 
to  100-percent  modulation  (±75  kc 
swing)  with  a  tone  of  any  fre¬ 
quency  below  the  point  at  which  the 
pre-emphasis  is  appreciable,  usually 
400  cycles  or  less,  and  setting  the 
noise  and  distortion  meter  to  read 
any  convenient  level,  say  -|-30  db 
under  these  conditions.  Then  the 
modulating  tone  is  removed,  and  a 
reading  of  the  residual  noise  taken 
on  the  noise  and  distortion  meter. 
This  procedure  usually  permits  a 
noise  level  reading  to  be  made  down 
to  about  —70  db.  If  readings  are 
to  be  made  of  noise  levels  even  less 
than,  —70  db,  a  modulation  level  10 
or  20  db  below  100-percent  modula¬ 
tion  can  be  used  for  the  input  sig- 


Nois*  and  Ditfertioii  Analywr 

The  instrument  for  reading  har- 
iT  'nic  distortion  and  noise  level  at 
die  output  of  the  de-emphasis  cir- 
etit  should  have  a  response  to  at 
least  30  kc  so  that  the  second  har- 
finnic  of  15  kc  can  be  measured. 
This  device  should  preferably  be  of 
die  type  which  balances  out  the 
f mniiTiiental  audio  frequency  either 
by  an  infinite  rejection  filter  or  by 
r>  introduction  of  some  of  the  input 
i^gnal  properly  adjusted  in  magni- 
{'ide  and  phase.  In  both  types,  the 
aldual  signal  consists  of  harmonic 
d'aioition  and  noise,  and  if  the 
joise  level  is  60  db  or  more  below 
the  100-percent  modulation  level,  a 
If  .'iding  of  the  residual  signal,  made 
t.  ith  a  vacuum  tube  voltmeter  and 
s  iitable  attenuators,  is  a  good  meas- 
f  vre  of  the  total  rms  distortion  of 
the  system.  In  all  cases  the  true 
harmonic  distortion  is  of  a  value 
slightly  less  than  the  value  deter- 
riiined  by  this  measurement. 

The  block  diagram  also  shows  a 
Cathode  ray  oscilloscope  connected 
to  the  output  of  the  noise  and  dis- 
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FIG.  1 — ^Block  diagram  oi  moaiuring  op- 
parottu  used  in  checking  audio  frequency 
characteristics.  Pre-emphasis  network  in 
transmitter  and  de-emphosis  circuit  in  moni¬ 
tor  are  not  shown 


Table  I — Transmitter  Performance  Reqxiirements 


FCC 

System 


RMA 

Transmitter 


rpqiiency  response 

(departure  from  75  Usee) 
50  Cycles . 
100-7500  Cycles . 
15.000  Cycles. 


FCC  system  LIMITS 


Harmonic  distortion 

50-100  Cycles 
100-7, .500  Cycles 
7,500-15,000  Cycles 


100  1,000  10,000 
MODULATING  FREQUENCY  IN  CYCLES 


F-M  Carrier  noise  level 


FIG.  2 — Frequency  response  of  o  typical 
f-m  broadcast  tronsmittor  for  100-porcent 
modulotion  (75-kc  deriotlon) 


\-M  Carriers  noise  lev-el 
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nal  while  still  setting  the  noise  and 
distortion  meter  to  +30  db. 

Amplitude-modulation  carrier 
ripple  is  measured  by  using  an  or¬ 
dinary  diode  detector  with  a  stand¬ 
ard  75-microsecond  de-emphasfs  cir¬ 
cuit,  connected  to  the  transmitter 
output,  and  measuring  both  the  d-c 
and  a-c  ripple  voltages  developed 
across  the  detector  load  resistance. 
The  noise  level  is  then  the  ratio  of 
the  square  root  of  two  times  the 
rms  a-c  voltage  to  the  d-c  voltage. 
In  db,  it  will  be  20  times  the  loga¬ 
rithm  to  t^e  base  10  of  this  ratio. 

Cb*cki«9  Mcasaremeet  Eqaipmcnt 

There  are  certain  checks  on  the 
performance  of  the  measuring 
equipment  which  can  be  made  fairly 
easily.  By  connecting  the  noise  and 
distortion  meter  input  terminals 
across  the  transmitter  input  ter¬ 
minals,  a  reading  of  harmonic  dis¬ 
tortion  will  be  obtained  that  is  es¬ 
sentially  the  harmonic  content  of 
the  audio  oscillator  output. 

Measurements  on  the  linearity  of 
the  f-m  detector  are  not  easily 
made,  but  its  performance  is  usu¬ 
ally  guaranteed  within  certain  lim¬ 
its  by  the  manufacturer.  Any  very 
serious  misadjustment  of  the  dis¬ 
criminator  will  usually  show  up  as 
a  large  apparent  shift  of  the  trans¬ 
mitter  center  frequency  with  modu¬ 
lation,  as  shown  by  the  monitor’s 
center  frequency  indicator.  This  in¬ 
dication  is  a  definite  sign  of  dis¬ 
criminator  nonlinearity  in  the  case 
of  a  phase  modulated  transmitter 
where  the  center  frequency  is  defi¬ 
nitely  crystal  controlled  even  in  the 
presence  of  modulation.  The  Arm¬ 
strong  and  Phasitron  types  of 
transmitters  are  in  this  class.  Fre¬ 
quency  shifts  200  cycles  or  less,  rep¬ 
resent  only  a  very  small  nonlinear¬ 
ity. 

In  some  cases  the  ability  of  the 
measuring  system  to  measure  ex¬ 
ceedingly  low  values  of  f-m  carrier 
noise  may  be  questioned.  The  capa¬ 
bility  of  the  system  in  this  regard 
may  be  checked  by  altering  the 
transmitter  in  such  a  way  as  to 
definitely  minimize  f-m  carrier 
noise  and  then  noting  if  the  meas¬ 
uring  equipment  will  read  this  low 
value.  This  can  be  accomplished  in 


most  phase  modulated  transmitters 
by  driving  the  multiplier  stages  di¬ 
rectly  from  the  crystal  oscillator 
without  passing  through  the  modu¬ 
lator  stage,  and  with  sufficient  sig¬ 
nal  to  minimize  noise  in  the  early 
multiplier  stages.  In  this  check  a 
reference  level  for  the  measuring 
equipment  must  be  set  up  before 
the  modulator  is  disconnected. 

.  Det«riiiiHiRg  PrequeHcy  DeviatioN 

To  check  the  percent  modulation 
readings  of  the  monitor  requires 
the  use  of  a  highly  selective  com¬ 
munication  typ6  receiver,  prefer¬ 
ably  one  having  a  crystal  filter  and 
an  S  meter.  The  receiver  is  tuned 
and  coupled  to  the  i-f  of  the  moni¬ 
tor.  When  the  transmitter  is  modu¬ 
lated  with  a  fairly  high  audio  fre¬ 
quency  the  receiver,  if  it  possesses 
sufficient  selectivity,  will  pass  only 
the  carrier  frequency.  As  the  am¬ 
plitude  of  the  modulating  frequency 
is  increased  it  will  be  possible  to 
recognize  readily  the  points  where 
the  carrier  amplitude  goes  to  zero 
by  the  almost  complete  Jack  of  sig- 


20  100  1.000  10000  20000 
_ MODULATING  FREQUENCY  IN  CYCLES 

FIG.  3 — Harmoole  distortion  at  lOOipoKont 
modnlortlon  la  a  typleal  f-m  broodcait 
transmlttOT 


FIG.  4 — ^EoiUy  eoaatnictod  dicuits  for  fa¬ 
cilitating  tronsmltlor  moosnromonttt  (A)  50- 
cps  low  poH  fUtor;  (B)  Ugh  pou  RC  filtor 
for  Ugh  froqnoncy  distortion .  moosuxo- 
monts;  (C)  low  poss  RC  noiso  filtor 


nal.  Certain  combinations  of  modu¬ 
lating  frequency,  percent  modula¬ 
tion,  and  the  number  of  the  carrier 
null  «re  given  in  Table  2.  For  ex¬ 
ample,  if  we  want  to  check  the  100- 
percent  modulation  indication,  we 
can  modulate  with  a  tone  of  6,020 
cycles  and  slowly  increase  the  am¬ 
plitude  of  the  modulation  until  the 
receiver  indicates  that  the  fifth 
point  where  the  carrier  disappears 
has  been  reached.  This  will  be  ex¬ 
actly  ±76-kc  deviation  or  100-per¬ 
cent  modulation.  Similarly  60-per¬ 
cent  modulation  will  occur  when 
the  fifth  carrier  null  is  reached  with 
a  modulation  of  2,610  cycles. 

Special  Techsiqsss 

There  are  a  few  methods  which 
can  be  used  to  help  overcome  some 
of  the  difficulties  encountered  in 
making  these  transmitter  measure¬ 
ments.  For  instance,  when  making 
harmonic  distortion  measurements, 
two  difficulties  are  normally  en¬ 
countered.  One  is  that  many  audio 
frequency  oscillators  have  a  con¬ 
siderable  amount  of  harmonic  con¬ 
tent,  particularly  at  the  low  fre¬ 
quency  end  of  the  audio  range.  It  is 
possible  to  employ  such  an  oscillator 
in  spite  of  this  trouble  by  using  a 
filter  connected  between  its  output 
and  the  transmitter  input  which 
will  pass  the  fundamental  fre¬ 
quency  and  attenuate  the  harmon¬ 
ics.  A  plain  low  pass  filter  is  suit¬ 
able  for  this  purpose.  In  some  cases 
it  is  possible  to  improve  conditions 
considerably  by  using  a  two  section 
RC  filter  as  shown  in  Fig.  4A.  For 
example,  two  sections  each  consist¬ 
ing  of  1,200  ohms  and  6  microfar¬ 
ads,  feeding  a  600  ohm  transmitter 
input  will  reduce  the  second  ha^ 
monic  of  50  cycles  about  7  db,  and 
the  third  harmonic  about  12  db. 
Such  a  filter  attenuates  the  funda¬ 
mental  considerably  (in  this  case 
about  19  db),  but  this  condition  is 
not  serious  if  the  oscillator  has  suf¬ 
ficient  output. 

The  other  difficulty  occurs  when 
measuring  distortion  at  high  modu¬ 
lation  frequencies  and  low  percent¬ 
ages  of  modulation,  when  power 
frequency  hum  begins  to  be  in  the 
order  of  magnitude  of  the  distor¬ 
tion  being  measured.  For  example, 
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suppose  it  is  desired  to  measure 
distortion  at  16,000  cycles  and  26- 
percent  modulation,  and  the  trans¬ 
mitter  is  good  enough  so  the  actual 
distortion  is  in  the  order  of  0.6  per¬ 
cent.  The  harmonic  level  will  then 
be  12  db  down  from  100-percent 
modulation  owing  to  the  modulation 
level,  46  db  farther  down  if  it  is 
0.5-percent  distortion,  and  17  db 
more  because  of  the  de-emphasis  in 
the  monitor  at  15,000  cycles  or  a 
total  of  76  db.  This  will  be  in  the 
order  of  the  noise  level  of  even  a 
good  f-m  system.  It  is  allowable  in 
this  case  to  use  a  high  pass  filter 
which  will  attenuate  hum  frequen¬ 
cies,  but  which  will  have  no  appreci¬ 
able  effect  on  the  higher  audio. 

In  Fig.  46  is  shown  a  simple 
high-pass  RG  network  consisting  of 
two  1,600  micromicrofarad  capaci¬ 
tors  in  series  with  the  high  side  of 
the  monitor  output,  and  100,000 
ohms  from  the  center  point  of 
these  two  capacitors  to  ground. 
This  RC  network,  when  working 
into  a  noise  and  distortion  meter 
having  about  200,000  ohms  input 
resistance  attenuates  the  hum  fre¬ 
quencies  sufficiently  to  allow  these 
high  frequency  distortion  meas¬ 
urements  to  be  made.  Numerically 
this  circuit  provides  less  than  1  db 
attenuation  at  5,000  cycles  and 
above,  but  45  db  at  60  cycles  and 
34  db  at  120  cycles. 

High-Fr*q«*ney  Noli* 

When  making  noise  measure¬ 
ments  of  f-m  transmitters,  in  which 
an  appreciable  part  of  the  noise 
may  be  of  a  random  nature,  im¬ 
proved  readings  can  be  obtained 
by  cutting  off  frequencies  beyond 
15,000  cycles.  This  is  allowable  since 
these  components  are  beyond  audi¬ 
bility  and  do  not  contribute  to 
audible  noise  although  they  may 
add  considerably  to  the  reading  of  a 
noise  and  distortion  meter  which 

I  has  a  frequency  response  extending 
well  beyond  this  frequency.  A 
sharp  cutoff  filter  could  be  used 
but  it  is  difficult  to  realize  for  im¬ 
pedances  in  the  order  of  several 
hundred  thousand  ohms.  It  is  pos¬ 
sible  to  work  at  low  impedance  with 
a  filter  and  then  use  a  transformer 
to  step  back  up  to  a  high  impedance 


Table  n — Carrier  Null  Method  of 
Determining  Frequency  Deviation 


Carrier  Null 

Modulating  Fre¬ 
quency  for  100 
percent  Modnlation 
(Cycles) 

1 

31,140 

2 

13,580 

3 

8,660 

4 

6,360 

5 

5,020 

6 

4,150 

For  modulation  percenta^  other 
than  100  percent,  multiply  the  modu¬ 
lating  frequency  in  this  table  by  the 
modmation  factor. 

for  the  input  of  the  noise  and  dis¬ 
tortion  meter,  but  this  requires  a 
considerable  amount  of  equipment. 
We  have  found  that  we  can  use  an 
RC  de-emphasis  type  of  circuit,  as 
shown  in  Fig.  4C,  having  a  time 
constant  of  5  microseconds.  This 
will  give  less  than  1  db  attenuation 
at  16,000  cycles,  and  will  provide 
sufficient  attenuation  at  the  higher 
frequencies  to  give  an  appreciably 
improved  noise  reading  when  the 
noise  is  of  a  purely  random  type. 

Accuracy  of  Mcasarements 

The  accuracy  with  which  the  fre¬ 
quency  response  can  be  measured 
depends  largely  on  the  accuracy  of 
the  attenuators  and  voltage  indicat¬ 
ing  instruments  employed  and  can 
be  in  the  order  of  0.1  db  without 
great  difficulty. 

The  accuracy  of  harmonic  distor¬ 
tion  readings  is  limited  by  the  har¬ 
monic  content  of  the  audio  oscilla¬ 
tor  and  the  distortion  in  the  f-m 
detector  used  for  demodulating  the 
transmitter.  One  commercially 
available  audio  oscillator  gives  in 
the  order  of  0.1  percent  harmonic 
content.  Commercial  f-m  station 
monitors  have  distortion  in  the 
order  of  0.25  percent,  so  the  normal 
accuracy  of  distortion  readings  may 
not  be  better  than  ±0.35  percent. 
In  other  words,  readings  less  than 
1  percent  are  sometimes  open  to 
question,  for  even  a  1  percent  figure 
may  actually  mean  from  0.65  to 
1.35  percent,  and  a  figure  of  0.5  per¬ 


cent  may  actually  be  0.15  to  0.85 
percent.  It  would  be  possible  to 
increase  the  accuracy  of  these  read¬ 
ings  by  using  a  filter  at  the  audio 
oscillator  output,  which  might  re¬ 
duce  the  harmonic  content  to  about 
0.02  percent.  By  using  a  counter 
t3T)e  discriminator,  the  f-m  detector 
distortion  can  be  made  as  low  as 
about  0.1  percent,  which  would  give 
a  total  inaccuracy  of  ±0.12  percent. 
However,  the  counter  tjTpe  discrim¬ 
inator  has  a  very  low  output,  which 
makes  it  difficult  to  avoid  running 
into  .hum  pick-up  troubles  when 
making  very  low  distortion  read¬ 
ings.  This  will  again  decrease  the 
accuracy,  although  it  is  not  possi¬ 
ble  tq  set  a  definite  limit  on  the 
possible  accuracy  of  low  distortion 
readings. 

Errors  From  Noise 

The  errors  in  measuring  carrier 
noise  levels  are  largely  in  the  direc¬ 
tion  of  making  the  noise  voltages 
greater  than  in  actuality  because 
any  stray  hum  pick-up,  noise  in  the 
test  equipment,  or  other  introduced 
noise,  all  tend  to  produce  an  in¬ 
crease  in  total  noise  voltage.  If 
these  other  sources  of  noise  are  suf¬ 
ficiently  small,  the  only  errors  of 
reading  should  be  inaccuracies  in 
the  attenuators  and  indicating  in¬ 
strument  of  the  noise  and  distortion 
meter,  and  should  be  less  than  ±1 
db  under  normal  conditions. 

There  is  a  possible  source  of 
error  in  both  harmonic  distortion 
and  noise  readings  when  using  the 
type  of  instrument  which  employs 
a  vacuum  tube  voltmeter  to  give 
rms  readings,  since  the  vacuum 
tube  voltmeter  actually  reads  an 
average  voltage,  although  it  is  cali¬ 
brated  in  rms  volts.  This  error  is 
zero  for  a  single  sine  wave,  as  would 
be  the  case  when  reading  a  distor¬ 
tion  that  was  all  caused  by  a  single 
harmonic.  However,  even  for  fairly 
extreme  wave  forms,  the  error  is 
small.  In  the  case  of  a  50  percent 
square  wave  the  instrument  will 
read  high  by  11  percent,  and  for  a 
triangular  wave  it  will  read  low  by 
3.7  percent.  In  most  cases,  this  er¬ 
ror  is  probably  less  than  10  percent 
of  the  instrument  reading,  and  is 
therefore  relatively  unimportant. 
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Predetermined  Counter 


Bnffineerinff  Department 
Conmar  Produota  Corp., 
Kewark,  N.  J. 


Although  the  general  prob¬ 
lem  of  exactly  counting  a  pre¬ 
determined  number  of  periodic 
pulses  has  already  been  discussed  * 
and  the  necessary  instruments  are 
available  commercially*,  until  now 
no  complete  circuits  have  appeared. 

The  device  described  here  was 
originally  designed  to  control  high¬ 
speed  zipper-making  machinery  but 
has  numerous  other  applications. 

Predetermined  counting  is  ac¬ 
complished  by  initially  setting  up 
a  scale-of-N  counter  at  some  indi¬ 
cated  count  C  less  than  N.  The  cir¬ 
cuit  will  then  count  N—C  input 
pulses  before  delivering  its  first 
output  pulse.  This  presetting  en¬ 
ables  a  counting  circuit  to  be  used 
as  a  control  device  rather  than 
merely  as  a  high-speed  pulse  regis¬ 
ter.  The  output  pulse  may  also  be 
used  to  trigger  circuits  which 
thereupon  set  up  the  counter  at 
some  new  indicated  count  C'  instead 
of  allowing  it  to  revert  to  zero. 

Then  N—C'  pulses  are  counted  and 
a  second  output  pulse  is  derived 
which,  in  the  case  of  dual  predeter¬ 
mined  counting,  is  used  to  set  up  common  source  through  two  sepa-  with  an  inductor  of  the  order  of 
the  initial  starting  count  C  once  rate  capacitors  to  the  two  grids  of  0.5  to  10  millihenries  and  with 
again,  whereupon  the  cycle  recurs,  the  succeeding  Eccles-Jordan  stage,  minimum  shunt  capacitance.  This 
The  elements  of  such  a  system  Unfortunately,  these  two  capacitors  modification  provides  a  high  imped- 
are  a  scale-of-N  counter,  preferably  mutually  couple  the  two  grids  ance  to  steep  input  pulses,  but  in- 
one  using  the  decimal  system,  an  within  the  triode  Eccles-Jordan  serts  only  a  negligible  IR  drop  in 
electronic  switch  to  determine  the  stage,  effectively  inhibiting  the  re-  available  plate  supply  voltage.  In 
succession  of  starting  counts  C,  C',  versal  action  characteristic  of  the  the  Potter  version,  resistor  R  forms 
C",  .  . .  C*  and  means  for  automati-  circuit.  To  avoid  the  resulting  in-  the  common  grid  return.  Here 

cally  injecting  setup  pulses,  without  stability,  various  forms  of  tetrode  again,  R  may  be  replaced  by  a  small 

interfering  with  normal  counting,  and  pentode  binary  stages  were  de-  inductor.  The  action  of  the  triode 
into  whatever  counter  stages  are  vised  which  employed  one  pair  of  Eccles-Jordan  circuit  has  been  ex- 
required  to  total  the  particular  corresponding  grids  in  the  reversal  plored  by  Phelps,*  who  has  shed 
value  of  C.  networks  and  another  pair  for  pulse  light  on  the  frequently  misunder- 

MedHI«d  feel«>  Jerdaa  Cireait  injection  alone.  stood  function  of  capacitors  Ca  and 

A  way  of  decoupling  the  grids  in  C*. 

The  decade  counting  circuit  a  triode  Eccles-Jordan  stage  during  The  circuit  of  Fig.  1  is  not  criti- 
described  here  is  based  on  the  reversal,  evidently  due  to  RCA,  is  cal  with  respect  to  any  parameter, 
familiar  triode,  Eccles-Jordan  type,  shown  in  Fig  1.  Resistor  R  is  of  and  remains  stable  over  an  excep- 

scale-of-two,  trigger  pair.  Potter*  the  order  of  5,000  to  25,000  ohms  tionally  wide  Eg,  range.  It  is  sen- 

pointed  out  and  eliminated  the  and  is  inserted  to  simulate  a  rela-  sitive  chiefly  to  negative  input 
cause  of  instability  which  has  al-  tively  high  plate-supply  impedance  pulses  and  discriminates  against 
ways  troubled  this  circuit.  The  in  order  to  prevent  short-circuiting  equivalent  positive  input  pulses  by  a 
usual  method  of  interstage  coupling  the  input  pulse.  The  same  purpose  ratio  of  about  3  to  1.  This  polarity 
is  to  feed  the  input  pulse  from  a  is  served  by  replacing  resistor  R  discrimination  is  further  enhanced 


Three  decade  unite  are  cascaded  to  form  complete  counter.  Two  banks  of  selector 
switches  set  up  count  capacities  so  that  derice  can  control  two  successiyely  occurring 
processes,  each  comprising  up  to  1.000  repeated  operations 
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I 


for  Process  Control 


in  cascade  operation  because  the  interpolation  values  total  C,  where 
positive  swing  at  the  plate  of  either  2*-C  is  the  desired  scale.  The 

triode  is  not  as  steep  as  the  nega-  counter  Is  thereby  forced  to  revert 

tive  plate  swing.  Thus,  the  posi-  to  an  indicated  count  of  C  instead 

tive  swing,  after  differentiation  by  of  zero  and  thereafter  progresses 

a  low  time-constant  R-C  coupling  in  binary  fashion  between  the  indi¬ 
circuit,  appears  as  a  positive  pulse  cated  counts  of  C  and  2^—1  anc 

of  lesser  amplitude  than  the  nega-  then  resets  to  C. 

tive  pulse  derived  from  the  Initial  filling  of  the  counter  wit! 
negative  plate  swing.  Interstage  2*— 1  pulses  is  avoided  by  either  o1 


Neither  of  the  foregoing  methods 
provides  easy  interpolation  by 
means  of  single  neon  lamps  coupled 
to  each  stage.  The  first  method 
reads  high  by  C  at  all  times  after 
initial  filling  and  the  second  reads 
correotly  up  to  the  2^^— 1th  pulse 
and  thereafter  reads  high  by  C. 
However,  the  scale  of  these  count¬ 
ers  is  easily  changed  by  controlling 
which  binaries  are  switched  onto 
the  feedback  leg,  and  thus  deter¬ 
mining  C. 

The  feedback  legs  introduce 
minimum  interference  with  normal 
triggering.  Whichever  reversal  of 
the  final  binary  does  not  cause  feed- 
b^k  resetting,  instead  develops 
pulses  which  momentarily  accentu¬ 
ate  the  existing  condition  of  the 
circuit. 

The  third  method  allows  the 
chain  of  binary  stages  to  count  in 
sequence  from  zero  to  N—1,  where 
N  is  the  desired  arbitrary  scale. 
On  the  Nth  pulse,  the  various  cir¬ 
cuit  transitions  develop  feedback 
pulses  which  reset  the  counter  to 
zero  instead  of  allowing  it  to  ad¬ 
vance  to  N  +  1.  Ordinary  inter¬ 
polation  lamps  total  the  true  count, 
but  changing  the  scale  of  such  a 
counter  is  somewhat  involved. 

If  the  period  and  placement  of  a 
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nc.  1 — Modified  Eccles-Jordan  trigqeT  i>ciir  FIG.  2 — Each  decade  unit  uses  four  dual  triodes  in  a  scaIe-of-16  circuit.  Feedback 
circuit  provides  grid  decoupling  network  reduces  number  of  equilibrium  circtdt  conditions  to  provide  decade  counting 
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indication.  Lamps  will  Ught  on  occorronco 
of  circuit  conditions  shown  ot  bottom 


gate  represented  by  the  rectangular 
waveforms  occurring  at  the  plates 
of  counter  tubes  are  important, 
special  reset  systems  may  be  re¬ 
quired. 

Direct  count  indication  for  dec¬ 
ade  counters  of  the  modified  binary 
tjT)e  is  provided  in  the  circuits 
devised  by  Grosdoff*  and  Miller* 
using  resistor  networks  and  ten 
neon  lamps.  Indication  on  a  mil- 
liammeter  is  also  possible.**  * 

If  conjugate-pair  counting  is  em¬ 
ployed,  it  is  better  to  feed  input 
pulses  to  the  straight  binaries,  as 
they  are  not  subject  to  forced 
resetting,  which  takes  finite  extra 
time. 

Decode  Ceootor 

Three  identical,  plug-in  decade 
counters  in  cascade,  form  the  scale- 
of-1,000  counter  which  is  the  heart 
of  the  dual  predetermined  counter. 
One  of  these  units  is  illustrated  in 
the  photograph  and  its  schematic 
diagram,  less  the  automatic  setup 


paths  used  in  dual  predetermined 
counting,  is  shown  in  Fig.  2. 

The  circuit  of  Fig.  2  will  be 
recognized  as  a  conventional  scale- 
of-16  circuit  that  has  been  limited 
to  ten  equilibrium  states  by  means 
of  the  feedback  leg  shown  in  heavy 
lines.  In  one  sense  this  is  actually 
a  conjugate-pair  counter  because 
stages  2,  4  and  8  comprise  an  inde¬ 
pendent  scale-of-five  circuit  driven 
by  a  scale-of-two. 

If  the  circuit  of  Fig.  2  is  started 
from  zero  (all  righthand  triodes 
conducting  and  all  neon  lamps  out) , 
it  will  follow  the  usual  progression 
up  to  an  indicated  count  of  15  (all 
righthand  triodes  cut  off,  all  neon 
bulbs  lit).  The  16th  pulse  momen¬ 
tarily  reduces  thg  counter  to  zero. 
The  fall  of  potential  at  the  right- 
hand  plate  of  stage  8  provides  a 
negative  output  pulse.  Due  to  the 
feedback  leg,  the  accompanying  rise 
of  potential  at  the  lefthand  plate  of 
stage  8  appears  as  a  positive  pulse 
on  the  lefthand  grids  of  stages  2 
and  4,  causing  these  triode  sections 
to  conduct,  thereby  lighting  lamps 
2  and  4  for  an  indicated  count  of  6. 
Thereafter  the  circuit  progresses 
up  to  15  and  back  to  6,  providing 
reliable  scale-of-10  action. 

The  feedback  leg  of  Fig.  2  could 
just  as  well  have  been  tapped  onto 
converse  points  in  the  circuit.  The 
feedback  pulse  would  then  have 
been  derived  from  the  righthand 
plate  of  stage  8  and  would  therefore 
have  been  negative.  To  turn  on 
lamps  2  and  4,  the  negative  feed¬ 
back  pulse  would  have  been  fed  to 
the  righthand  grids  of  stages  2  and 
4.  The  reset  switch  in  Fig.  2  is  so 
CO-  nected  as  to  for-ce  the  circuit 
into  the  6th  count  position  for 
starting,  instead  of  permitting  it  to 
start  from  zero.  Because  the  start¬ 
ing  count  of  6  is  equivalent  to  zero, 
the  indicated  lamp  count  is  always 
6  units  greater  than  the  true  count. 
This  initial  false  count  is  no  disad¬ 
vantage  in  the  present  instrument 
because  the  interpolation  lamps  are 
not  visible  from  the  front  panel  and 
are  provided  only  for  maintenance 
checks.  If  direct  indication  of  the 
total  number  of  counts  is  desired, 
the  circuit  of  Fig.  3A,  when  sub¬ 
stituted  for  the  lamp  circuits  of 
Fig.  2,  will  provide  zero  to  nine  in¬ 
dication.  The  circuit  of  lamp  1 
remains  unchanged.  Lamp  2  is 


merely  shifted  to  the  left  plate 
of  stage  2.  Lamps  4  and  8  are  con¬ 
nected  in  a  resistor  network  so  that 
they  will  glow  only  when  the  circuit 
conditions  indicated  in  Fig.  3A  and 
3B  occur.  Small  capacitors  C  are 
provided  to  aid  in  decoupling  the 
binary  stages  interconnected  by 
this  network. 

The  decade  counting  circuit  of 
Fig.  2  has  operated  satisfactorily  at 
an  input  frequency  of  10*  cps.  If 
the  circuit  were  arranged  specifi¬ 
cally  for  short  resolving  time  by 
reduction  of  time  constants  and 
stray  capacitance,  and  inclusion  of 
small  peaking  inductances  in  series 
with  the  plate  load  resistances,  an 
input  frequency  of  better  than  10* 
cps  very  likely  could  be  realized.  In 
any  case,  resolution  of  bursts  of 
two  or  three  pulses  is  always  better 
than  that  indicated  by  the  maxi¬ 
mum  steady  input  frequency  that 
can  be  scaled. 

Once  the  noncritical  setting  of 
the  cathode  bias  resistor  has  been 
established,  the  plate  voltage  may 
vary  widely  without  detriment  to 
the  operation  of  the  circuit.  A 
range  of  40  to  750  volts  proved  en- 
tirely’satisfactory  during  a  test. 

The  new  12AU7  miniature  dual 
triode  is  employed.  This  tube  con¬ 
tains  two  independent  6C4  triode 
sections  and  may  be  used  on  either 
a  6.3-volt  or  12.6-volt  heater  supply. 
In  general,  it  is  similar  to  the  older 
6SN7-GT  and  12SN7-GT  dual  tri¬ 
odes,  but  requires  the  new  9-pin 
miniature  socket. 

Complete  Predetermined  Connter 

This  counter  has  two  modes  of 
operation,  referred  to  as  scoop  and 
gap,  which  relate  to  the  two  modes 
of  operation  of  the  zipper-making 
machine  which  the  counter  was 
originally  designed  to  control.  In 
scoop,  metal  teeth,  called  scoops,  are 
affixed  to  the  corded  edge  of  a  cloth 
tape.  In  gap,  application  of  teeth 
is  suspended  along  a  length  reck¬ 
oned  in  equivalent  number  of 
scoops.  The  output  relay  in  the 
counter  controls  a  heavy  solenoid 
on  the  machine.  Since  one  scoop  is 
aflfixed  for  each  rotation  of  the 
machine,  counter  input  voltage 
pulses  are  induced  in  a  pickup  coil 
by  an  Alnico  magnet  imbedded  in 
the  aluminum  flywheel. 

A  simplifled  block  diagram  of  the 
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matic  diagram  and  the  idealized 
waveforms  shown  in  Fig.  5.  When 
the  1,000th  pulse  causes  the  poten¬ 
tial  at  the  plate  of  the  last  binary 
stage  to  drop  about  85  volts  at  time 
to  as  shown  at  A,  this  variation  is 
differentiated,  producing  the  wave¬ 
form  shown  at  B.  The  differenti¬ 
ated  waveform  is  capacitively 
coupled  to  a  one-shot  multivibrator 
which  serves  as  a  delay  gate  gener¬ 
ator  sensitive  chiefly  to  negative 
pulses. 

Turning  on  the  final  trigger 
stage  in  the  hundreds  decade  yields 
a  positive  pulse  that  does  not  affect 
the  delay  gate  multivibrator,  since, 
in  the  absence  of  negative  input 
pulses,  this  stage  is  quiescent.  But 
upon  receiving  a  negative  pulse,  the 
delay  gate  multivibrator  develops 
a  90-volt,  positive,  flat-topped  pulse 
of  about  300  microseconds  duration 
shown  at  C.  This  gate  is  differen¬ 
tiated,  giving  the  waveform  at  D, 
and  fed  to  the  blanking  cathode- 
follower  grid.  Since  the  cathode 
follower  is  biased  to  cutoff,  it  there¬ 
fore  develops  a  positive  output 
pulse  shown  at  E  only  in  response 
to  the  positive-going  pulse  of  the 
pair  impressed  upon  its  grid.  When 
the  blanking  cathode-follower  grid 
is  driven  positive,  the  delay  gate 
multivibrator  is  loaded,  causing  the 
leading  edge  of  the  gate  to  be  some¬ 
what  rounded. 

Thus,  a  positive  blanking  pulse  of 
about  15  volts  derived  from  the 
leading  edge  of  the  delay  gate  is 
developed  across  a  parallel  network 
of  three  1,000-ohm  resistors,  each 
of  which  is  in  series  with  the 
ground  return  of  its  respective 
righthand  binary-stage  grid  as 
shown  in  Fig.  5.  This  pulse  drives 
each  righthand  grid  positive,  turn¬ 
ing  out  the  No.  2  and  No.  4  neon 
lamps  in  each  decade  and  prevent¬ 
ing  others  from  coming  on. 

The  grid  resistors  in  each  Eccles- 
Jordan  stage  in  the  decades  have 
values  of  about  50,000  ohms  each. 
Returning  them  to  ground  through 
three  1,000-ohm  resistors  intro¬ 
duces  virtually  no  interference  with 
normal  triggering.  Only  when  a 
relatively  high  current  pulse  passes 
through  the  330-ohm  resistor,  due 
to  a  positive  pulse  on  the  blanking 
cathode-follower  grid,  does  blank¬ 
ing  occur.  This  blanking  pulse  is 
effectively  shorter  in  duration  than 


is  It  is  the  extinction  of  a  lamp,  ac¬ 
companied  by  a  negative-going 
pulse,  which  trips  the  following 
stage. 

The  decade  counter  of  Fig.  2  is 
zeroized  at  an  indicated  count  of  6 
The  and  progresses  from  there  to  15 
and  back  to  6  again.  Thus  the 
1,000th  pulse  in  this  case  produces 
the  mode  a  6-6-6  configuration  of  lamps, 
translatable  to  0-0-0.  If  setting 
up  a  predetermined  count  in  such  a 
decade  involves  simultaneously 
turning  on  some  stages  and  turning 
off  others,  possibly  adjacent  ones, 
:h  is  serious  troubles  appear.  The  tum- 
Iccles-  ing  off  of  the  No.  2  or  No.  4  lamps 
bulbs  in  any  decade  transfers  a  turn-on 
e  in  pulse  to  the  following  stage  via 
perat-  normal  signal  channels  and  this 
1  de-  transfer  produces  an  undesired  re- 
‘  grid  suit  by  either  actually  turning  on 
and  a  the  next  stage  when  not  wanted  or 
Both  by  bucking  out  a  turn-off  pulse, 
cutoff  To  overcome  this  difficulty  it  was 
cath-  necessary  to  insert  a  blanking  in- 
posi-  terval  between  the  1,000th  pulse 
(utput  and  the  generation  of  the  setup 
Fed  to  pulses.  The  purpose  of  this  blank- 
setup  ing  process  is  to  extinguish  every 
?cades  neon  lamp  for  the  duration  of  a 
‘  been  blanking  gate  so  that  the  decades 
irn-on  may  be  set  up  by  turn-on  pulses 
triode  alone.  This  action  is  accomplished 
ng  its  by  the  delay  gate  multivibrator,  the 
conds,  blanking  cathode-follower  and  the 
5f  the  blanking  bus.  Because  the  top 
r  sets  speed  of  the  circuit  is  limited  by  the 
false  changeover  time,  about  1  milli- 
oward  second,  of  a  high-speed,  mercury 
,000th  wet-reed  relay,  a  delay  gate  length 
es  re-  of  300  microseconds  is  unimpor- 
}witch  tant. 


shown  in  Fig.  4.  Ignore  for  the 
moment  the  delay  gate  multivi- 
the  blanking  cathode-fol- 
The 


brator, 

lower  and  the  blanking  bus, 
sequence  of  mode  switching  can 
then  be  explained  as  follows 
1,000th  pulse  arrives,  momentarily 
reducing  the  three  counter  decades 
to  zero  and  causing 
selector  stage  to  switch  over,  open¬ 
ing  or  closing  an  output  relay  in  its 
plate  circuit. 


The 

simply 

Jordan 


Aatonatle  PredeHrmiacd  S*twp 

The  process  of  automatic  prede¬ 
termined  setup  can  be  understood 
from  the  simplified  signal  sche- 
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FIG.  4 — Block  diagram  oi  eomplote  dual  predetermined  counter 


electronics  —  February,  1948 


the  delay  gate,  due  to  differentia¬ 
tion,  and  the  blanking  process  is 
finished  before  automatic  predeter¬ 
mined  setup  begins. 

The  gate  from  the  delay  multi¬ 
vibrator  is  also  fed  to  the 'mode- 
selector  switch  stage,  as  indicated 
by  the  waveform  at  F.  This  stage 
is  an  Eccles-Jordan  trigger  pair 
with  a  relay  coil  in  series  with  one 
plate.  The  mode  selector  is  nor¬ 
mally  less  sensitive  to  positive-going 
pulses,  so  that  when  the  delay  gate 
is  differentiated,  its  rounded,  posi¬ 
tive-going,  leading  edge  produces  a 
smaller  pulse  than  the  steep  trail¬ 
ing  edge,  enhancing  this  polarity 
discrimination. 

The  mode-selector  stage  there¬ 
fore  triggers  on  the  trailing  edge  of 
the  delay  gate  which  arrives  at  time 
t,,  300  microseconds  after  U  and 
well  after  the  end  of  the  blanking  each  decade,  one  of  these  rotary 

pulse  shown  at  E,  which  begins  at  switches  is  provided,  and  for  a 

to,  coincident  with  the  leading  edge  given  position  it  either  grounds 

of  the  gate.  The  plates  of  the  mode  each  lefthand  grid  resistor  directly 

selector  stage  each  feed  identical,  or  connects  it  to  the  proper  setup 

cutoff,  biased  scoop  and  gap  cathode  bus. 

followers  with  the  waveforms 
shown  at  G  and  H. 

During  the  mode  switchover, 
only  one  of  these  two  cathode  fol¬ 
lowers  receives  a  positive-going  in¬ 
put  pulse,  the  other  simply  being 
driven  further  into  the  cutoff  re¬ 
gion.  The  stage  which  receives  the 
positive-going  pulse  shown  at  I,  in 
this  case  the  scoop  cathode-fol¬ 
lower,  develops  a  positive  setup 
pulse  at  its  cathode.  This  setup 
pulse,  shown  at  J,  is  fed  to  the 
scoop  setup  bus. 

Injection  of  positive  setup  pulses 
is  accomplished  by  dividing  the 
normal  lefthand  grid  resistors  of 
about  50,000  ohms  each  into  two 
parallel  legs  of  100,000  ohms  each 
and  returning  each  of  these  to 
ground  either  directly  or  via  one  of 
two  setup  buses,  both  of  which  are 
but  1,000  ohms  above  ground  as 
shown  in  Fig.  5.  By  this  method, 
the  separate  setup  pulses  are  in¬ 
jected  into  the  same  grid  in  each 
stage  but  the  two  setup  paths  are 
effectively  insolated,  a  change  in 
one  being  attenuated  about  100 
times  upon  reaching  the  other. 

In  actual  practice,  4-gang,  10- 
position,  rotary  wafer  switches  are 
used  instead  of  the  spdt  switches 
illustrated  in  the  simplified  dia¬ 
gram  of  Fig.  5.  In  each  mode  of 
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FIG.  S — SimpUiied  schematic  diagram  oi  outomotie  setup  drcuits  showing  woreionu 
,  generated  on  arriTol  of  last  gonp  pulse 


about  20  volts  amplitude,  causes 
forced  reversal  of  this  stage.  When 
the  input  voltage  drops  below  20 
volts,  the  circuit  reverts  to  its  qui¬ 
escent  condition,  producing  a  steep  j 
rectangular  pulse  having  a  duration 
nearly  equivalent  to  that  part  of  the 
input  pulse  above  20  volts. 

In  the  present  application,  a  12.- 
000-ohm  relay  coil  is  shunted  across 
the  righthand  grid  resistor,  caus¬ 
ing  the  quiescent  state  of  the  cir¬ 
cuit  to  be  reversed.  The  coil  is 
oriented  near  an  aluminum  fly¬ 
wheel,  in  which  an  Alnico  magnet 
has  been  imbedded,  so  as  to  deliver 
alternating  voltage  pulse  for 
each  rotation. 


Fig.  6  is  a  complete  schematic 
diagram  of  the  dual  predetermined 
counter  shown  in  the  photograph. 

The  overall  system  draws  a  plate 
current  of  about  85  ma  and  oper¬ 
ates  satisfactorily  up  to  a  rate  of 
400  pulses  per  second.  If  the  out¬ 
put  relay  were  replaced  by  an  elec¬ 
tronic  output  actuator,  the  maxi¬ 
mum  input  rate  would  rise  to  about 
2,500  pulses  per  second,  this  latter  an 
limitation  being  due  to  the  300- 
microsecond  blanking  gate. 

It  is  of  interest  to  note  that  with 
this  system  (6  to  15  decade,  inter-  After  warmup, 
mediate  blanking)  it  is  not  neces-  set  up  to  count  a 
sary  that  the  output  decade,  which  in  the  desired  m 
counts  hundreds,  be  a  decade  at  all.  quired  complemer 
Every  time  it  delivers  an  output  sorted.  For  exj 
pulse  it  is  cleared  by  blanking  and 
then  set  up  to  some  externally  pre¬ 
determined  combination  equal  to  6 
or  greater. 


taining 
numbei 
is  not  ] 
to  read 
circum 
sometii 


counter  to  read  an  interpreted 
count  of  999  in  gap  mode.  The  first 
pulse  to  arrive  (which  may  be  arti¬ 
ficially  generated)  thus  appears  to 
the  counter  to  be  a  1,000th  pulse 
and  causes  the  counter  to  change 
mode  to  scoop  and  to  set  up  the  de¬ 
sired  initial  count  C.  Holding  down 
the  setup  button  freezes  the  counter 
at  999  in  gap. 

Since  the  preset  switches  are 
calibrated  to  read  C  directly,  it  is 
necessary  to  subtract  the  number 
to  be  counted  from  1,000,  thus  ob- 


laput  Pals*  Shaper 

Regener“  has  mentioned  that 
circuits  of  the  Eccles-Jordan  type, 
when  made  deliberately  unsymmet- 
rical,  are  excellent  pulse  shapers 
for  nearly  any  input  waveform.  The 
input  pulse  shaper  stage  of  Fig.  6 
is  an  example.  The  grid  resistor 
unbalance  normally  holds  the  left- 
hand  triode  cut  off.  A  negative¬ 
going  input  signal,  greater  than 
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FIG.  6 — Completed  schematic  diagram  of  dual  predetermined  counter 


taining  C  and  then  to  set  up  this 
number  on  the  setup  switches.  It 
is  not  possible  to  calibrate  switches 
to  read  1,000— C  directly  under  all 
circumstances  because  error  is 
sometimes  introduced  in  arithmet¬ 
ical  “carrying”.  E.  W.  Lynn  has 
suggested  that  if  the  setup  switches 
for  decades  beyond  the  units  deci¬ 
mal  place  were  calibrated  directly 
in  terms  of  1,000— C,  and  the  units 
setup  switches  calibrated  10  to  1, 
corresponding  to  0  to  9  starting 
counts,  a  count  of  1,000— C  not  end¬ 
ing  in  zero  could  be  set  up  directly 
without  preliminary  calculation.  To 
set  up  for  an  initial  count  of,  say 
230,  it  would  become  necessary  to 
set  the  three  switches  to  2-2-10, 
that  is,  220  plus  10. 


stable  division  by  any  integer.  In 
addition,  counter-type  frequency 
dividers  do  not  require  alignment 
or  long  warmup  and  will  stop  in¬ 
stantly  if  the  driving  signal  is  re¬ 
moved. 

When  driven  by  a  pulse  generator 
of  known  frequency  which  can  be 
gated  on  and  off,  predetermined 
counters  are  suited  to  the  produc¬ 
tion  of  interval  marker  pulses  of 
long,  precise  and  adjustable  separa¬ 
tion,  and  to  the  precise  measure¬ 
ment  of  time  intervals. 


inertialess  stepping  relays,  as  ac¬ 
cumulators  and  as  pulse  code  gener¬ 
ators  and  detectors. 

The  writer  is  especially  indebted 
to  Mr.  Alexander  Konoff  for  his 
generous  support  and  to  Messrs. 
David  Rabin ow  and  William  M. 
Meineke  for  their  invaluable  coop¬ 
eration  during  various  phases  of 
this  work. 
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hilltop  intermediates  have  been 
described  in  Electronics'.  In 
brief,  television '  programs  picked 
up  atop  the  General  Electric  Build* 
ing  at  570  Lexington  Ave.  in  New 
York  City  are  automatically  relayed 
to  the  control  room  of  WRGB  Sche¬ 
nectady,  whence  they  are  sent  by 
studio-transmitter  link  to  the  main 
television  broadcast  transmitter  in 
the  Helderberg  Mountains. 

Transmitting  and  receiving 
equipment  for  each  link  in  the  ing  in  the  relay  towers  between 
chain  is  identical.  Internal-cavity  high-gain  antenna  and  equipment 
reflex  klystrons  are  used  both  for  minimizes  r-f  losses, 
the  transmitter  master  oscillator 
and  for  the  receiver  local  oscillator 
tubes.  All  frequency-sensitive  ele¬ 
ments  are  enclosed  in  temperature- 
controlled  cabinets,  and  close  spac- 


WRGB  talariilon  stndio  in  Schranctady.  at  noftham  tonnlnn  of  mtcrowar*  mkiy. 
Townr  also  corrios  ontsnnos  usod  to  proerom  main  transmittor  in  Hsldsrborg  Moss- 

tains  12.6  milss  away 


Fig.  1.  The  apparatus  operates  in 
the  l,825-to-2,100  megacycle  range, 
a  twenty-five  megacycle  frequency 
band  being  adequate  for  each  radio 
frequency  channel,  including  nec¬ 
essary  guard  bands. 

Improved  equipment  will  prob- 


Relay  Equipment 

The  system  as  installed  provides 
one-way  transmission  over  two  r-f 
channels,  and  the  equipment  used 
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Program  Chain 


Circuit  details  and  preliminary  operational  results  of  the  143-mile  New  York-Schenec- 
tady  television  relay  using  three  unattended  intermediate  stations.  Present  two  staggered 
r-f  channels  each  25  me  wide  provide  one-way  transmission.  Klystrons  are  used  in  trans¬ 
mitters  and  receivers  to  obtain  frequency-modulated  signal  with  14-mc  swing 


no.  1,  Station  no.  4  repeat  arrange-  1,000  yolts.  Power  supply  2  fur- 
ments  at  Station  no.  2,  and  so  on.  nishes  an  adjustable  voltage  for 
The  transmitting  equipment  lay-  setting  the  reflector  voltage  of  the 
out  (Fig.  1)  is  common  to  the  origi-  klystron  a  suitable  amount  negative 
nating  terminal  and  the  three  relay  with  respect  to  the  cathode.  Power 
stations.  The  modulator  accepts  the  supply*  3  furnishes  400  volts  to 
standard  video  level  of  2  volts  into  operate  the  modulator  output  cath- 
75  ohms.  Three  compensated  ampli-  ode  follower.  All  the  above  supplies 
fler  stages  and  an  output  cathode  are  electronically  regulated  to  re¬ 
follower  provide  150  volts  peak-to-  duce  ripple  and  transient  voltages, 
peak  video  modulating  voltage  for  and  to  prevent  frequency  drift  due 
the  klystron  reflector  electrode.  to  slow  variation  of  klystron  re- 
Three  power  supplies  in  series  fleeter  voltage, 
are  used  to  furnish  the  operating  Unmodulated  klystron  reflector 
voltages  for  the  klystron  oscillator  voltage  can  be  set  between  200  and 
and  the  cathode-follower  output  700  volts  negative  with  respect  to 
stage  of  the  modulator.  In  order  to  th^  cathode  to  obtain  fine  frequency 
maintain  the  body  of  the  klystron  adjustment.  This  represents  video 
and  hence  the  r-f  output  line  at  sync  peak  level,  and  modulation  is 
d-c  ground  potential  it  is  necessary  negative  from  this  point.  Coarse 
to  ground  the  most  positive  point  of  tuning  is  eifected  by  mechanical 
these  three  supplies.  Figure  2  adjustment  of  the  klystron  cavity, 
illustrates  the  arrangement  em-  Figure  3  shows  the  arrangement 
ployed.  Power  supply  1  furnishes  of  the  transmitter  with  respect  to 
the  klystron  beam  current  of  ap-  the  antenna  reflector.  To  provide 
proximately  200  milliamperes  at  two  parallel  r-f  channels,  two  modu- 


Typlcol  ndcrewav  relay  tower  125  leet 
high.  Room  at  lop  le  large  enough  lor 
other  experimentol  equipment 


ably  permit  reduction  of  the  guard 
bands  so  that  a  total  channel  width 
of  20  megacycles  will  suffice.  Four 
such  channels  can  handle  either  a 
one  way  or  a  two  way  system  of 
two  channels  capacity  for  any  num¬ 
ber  of  links,  provided  reception  and 
retransmission  from  any  point  are 
in  essentially  opposite  directions. 
For  example,  using  channels  A,  B, 
C,  and  D,  station  no.  1  might  re¬ 
ceive  from  the  south  on  channels 
A  and  B  and  transmit  to  the  north 
on  channels  C  and  D,  simultane¬ 
ously  receiving  from  the  north  on 
channels  A  and  B  and  transmitting 
to  the  south  on  channels  C  and  D. 
Station  no.  2  would  receive  on  chan¬ 
nels  C  and  D  and  transmit  on  chan¬ 
nels  A  and  B.  Station  no.  3  would 
repeat  the  arrangements  at  Station 
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termined  value  is  accomplished  by 
a  thermostat  which  causes  exhaust 
vents  to  be  opened  and  an  exhaust 
fan  to  be  started  when  the  tempera¬ 
ture  rises  above  the  nominal  value. 
The  vents  are  reclosed  and  the  fan 
stopped  when  the  temperature 
drops  again.  During  operating  of 
this  exhaust  fan,  air  is  drawn  in 
through  a  filter. 


In  the  illustration,  the  cover  for 
the  cabinet  has  been  removed  and 
one  modulator  swung  out  on  hinges 
for  access  to  parts  in  the  rear.  The 
two  *  transmitters  feed  through  a 
double  coaxial  line  to  a  dual  an¬ 
tenna,  which  permits  the  single 
reflector  to  be  used  for  both  trans¬ 
mitters. 

Power  supplies,  control,  and  mon¬ 
itoring  equipment  are  located  in 
relay  ra^ks  adjacent  to  the  trans¬ 
mitters  and  receivers. 

Receiving  Equipment 

The  receiving  equipment  layout 
(Fig.  1)  is  common  to  the  three 
relay  stations  and  the  Schenectady 
terminal. 


lators  are  located,  together  with 
their  transmitter  klystrons,  in  a 
temperature-controlled  cabinet  di¬ 
rectly  behind  the  antenna  reflector. 
A  small  blower  is  directed  at  each 
of  the  klystron  oscillators  to  main¬ 
tain  adequate  cooling,  the  output 
coupling  being  the  most  critical 
point.  Temperature  control  of  the 
cabinet  within  ±  1  C  of  a  prede- 


The  incoming  signal  is 
mixed  in  a  crystal  converter  with 
the  output  of  a  local  oscillator  com¬ 
prising  a  klystron  identical  to  that 
in  the  transmitter.  This  tube  is 
operated  with  reduced  filament  volt¬ 
age  and  draws  only  about  40  milli- 
amperes  at  300  volts  on  the  anode, 
considerably  increasing  life  expect¬ 
ancy. 

The  100-megacycle  i-f  amplifier 
consists  of  3  triplets,  each  triplet 
stagger  tuned  to  92,  100,  and  108 
A  two-stage  limiter 


megacycles, 
provides  a  high  degree  of  limiting, 
and  the  discriminator  has  a  range 
of  approximately  16  megacycles 
with  good  linearity, 


This  allows  a 
swing  of  12  to  14  megacycles  in  the 
transmitter  with  satisfactory  al¬ 
lowance  for  frequency  tolerance 
between  transmitter  and  receiver, 
and  with  good  picture  reproduction. 
A  double  6J4  cathode  follower  out¬ 
put  from  the  receiver  chassis  pro¬ 
vides  a  2-volt  peak-to-peak  signal 
into  75  ohms,  which  at  the  relay  sta¬ 
tions  is  fed  directly  into  the  modu¬ 
lator  input. 

Figure  4  shows  the  receiver 
chassis.  The  receiver  installation  at 
a  relay  station  uses  the  same  type 
antenna  and  cabinet  as  the  trans¬ 
mitter  with  identical  temperature 
control.  The  installation  of  the  re¬ 
ceiver  chassis  in  the  cabinet  is 
similar  to  that  of  the  modulator 
chassis,  but  no  blowers  are  needed 
for  the  klystrons,  because  they  are 
operated  at  reduced  rating. 

The  rear  of  the  i-f  strip  is  shown 
in  Fig.  5.  Feed-through  type  b3T)a3S 
capacitors  are  used  for  all  power 
leads,  with  the  arrangement  such 
that  essentially  no  wiring  is  re- 


FIG.  3 — Tha  telavision  relay  tronamitter  ia  mounted  in  a  cabinet  near  the  diah  antenna 


FIG.  4 — The  receiver  choaaia  ia  mounted  in  a  cabinet  identical  to  that  uaed  lor  a 

tranamitter 
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FIG.  5 — Layout  datail  of  tlio  rocoiTor  M  Btrlp.  Pewor  looda  oro  bypaisod  to  tho  chauia.  Miniatara  tubos  aro  usad 


about  80  percent  of  which  occurred 
in  the  first  5  minutes.  This  condi¬ 
tion  occurred  during  winter  wea¬ 
ther  when  the  difference  between 
uncontrolled  “off”  temperature  and 
controlled  running  temperature  was 
greatest.  After  ten  to  fifteen  min¬ 
utes  operation,  frequency  drift  was 
negligible,  the  random  change  being 
of  the  order  of  0.01  percent  in  com¬ 
parison  with  a  modulation  range  of 
about  0.7  percent. 

On  the  basis  of  limited  prelimi¬ 
nary  data,  propagation  variations 
have  not  been  wide  enough  to  cause 
difficulty  or  approach  limiting  con¬ 
ditions  on  any  of  the  links  of  the 
.system.  The  signal  level  for  the  63- 
mile  link  was  of  the  order  of  20  db 
above  the  value  required  for  limit¬ 
ing  with  the  i-f  gain  adjusted  for 
barely  perceptible  noise  under  sig¬ 
nal-off  conditions.  Comparison  of 
long-term  propagation  variations 
between  the  53  mile  link  and  the  51 
mile  link  are  not  yet  available. 

Under  conditions  encountered  at 
the  relay  tower  sites,  high  humidi¬ 
ties  and  rapid  temperature  changes 
often  result  in  condensation  of 
moisture  on  the  equipment.  To 
avoid  trouble  from  this  cause,  it 
has  been  necessary  to  provide  suffi¬ 
cient  heat  on  critical  units  to  main¬ 
tain  their  temperature  a  suitable 
amount  above  the  ambient.  Alter¬ 
natively,  it  would  be  possible  to 
design  all  equipment  for  operation 
in  such  a  moisture-covered  state. 

Preliminary  visual  observation 
indicated  negligible  decrease  in 
definition  of  a  television  picture 
having  350-line  horizontal  resolu¬ 
tion  when  transmitted  over  the  four 
link  system. 


observe  the  waveform  output  of 
either  receiver  for  comparison  with 
the  monitored  transmitter  output. 

A  meter  on  the  transmitter  con¬ 
trol  panel  can  be  switched  between 
diodes  in  the  r-f  output  lines  (Fig. 
1)  of  the  two  transmitters  to  check 
output  level  against  a  reference 
value  at  any  time.  This  diode  out¬ 
put  can  also  be  observed  on  an  oscil¬ 
loscope,  while  using  suitable  test 
modulation,  so  as  to  check  the  amp¬ 
litude  variation  with  frequency  of 
either  transmitter. 

Receiver  input  level  can  be 
checked  continuously  by  a  reading 
of  limiter  screen  current  on  a  meter 
provided  for  the  purpose.  By  the 
use  of  a  recording  meter  at  this 
point,  it  is  possible  to  keep  a  run¬ 
ning  record  of  propagation  condi¬ 
tions. 

Frequency  measurements  on  the 
transmitters  are  made  with  highly 
accurate  absorption  type  microm¬ 
eter  tuned  wavemeters  having  a 
frequency  accuracy  of  approxi¬ 
mately  0.01  percent  in  the  range 
used. 

Operational  Observations 

During  the  first  two  months  of 
operation,  the  following  results 
were  observed: 

The  frequency  control  of  trans¬ 
mitter  and  receiver  klystrons  ob¬ 
tained  by  temperature-controlled 
cabinets  was  quite  satisfactory.  Re¬ 
ceivers  were  run  several  hours  for 
warmup  before  final  frequency  ad¬ 
justments  were  made,  and  were  run 
continuously  thereafter,  no  further 
frequency  adjustment  being  neces¬ 
sary. 

Frequency  drift  of  transmitters 
from  the  instant  of  turning  on  cold, 
up  to  normal  operating  tempera¬ 
ture  was  of  the  order  of  0.1  percent, 


quired  to  interconnect  the  compon¬ 
ents  within  the  strip  itself.  This 
results  in  good  stability  and  makes 
isolating  chokes  in  the  power  leads 
The  compact  con- 


unnecessary, 
struction  is  made  possible  by  the 
use  of  miniature  tubes  throughout 
the  i-f,  6AK5’s  for  amplifiers  and 
limiters,  6AL5  for  the  discrimina¬ 
tor  and  6J4’s  for  the  output  stage. 

In  order  to  make  it  possible  to 
turn  transmitters  off  and  on  re¬ 
motely  at  the  relay  stations,  the 
pilot  receiver  at  each  remote  sta¬ 
tion  is  equipped  with  a  sensitive 
relay  in  the  limiter  screen  lead. 
The  receivers  are  run  contiriuously 
and  the  incidence  of  a  signal  from 
the  previous  transmitter  increases 
limiter  screen  current  enough  to 
operate  the  relay  and,  through  the 
control  system,  turn  on  the  trans¬ 
mitters  at  the  station.  In  this  way 
the  entire  system  may  be  put  in 
operation  by  turning  en  the  trans¬ 
mitter  at  the  originating  terminal. 
The  transmitters  at  the  remote 
points  also  turn  off  automatically 
when  the  receiver  limitier  screen 
current  drops,  indicating  that  sig¬ 
nal  from  the  previous  transmitter 
has  stopped.  A  one  minute  time 
delay  is  provided  before  the  process 
is  completed  at  eaoh  station  to  pre¬ 
vent  turning  off  the  transmitter 
due  to  momentary  loss  of  signal  for 
any  cause. 

Monitoring  Facilitios 

At  each  transmitter  location,  a 
monitor  is  provided  by  means  of 
which  the  output  of  either  trans¬ 
mitter  can  be  demodulated,  and  the 
resultant  signal  waveform  dis¬ 
played  on  an  oscilloscope  during 
adjustment  of  the  equipment  or 
during  servicing.  At  the  relay  sta¬ 
tions,  facilities  are  also  provided  to 


Reference 

(1)  Microwave  Television  Relay,  EuiC- 
TRONIC8,  p  132,  Nov.  1947 
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Assamblsd  nu- 
maroscop*  for 
■  I  n  g  1  •  numbers 
from  1  to  0  and  os¬ 
cilloscope  used  for 
display 


NUMEROSCOPE  for 


The  NUMEROSCOPE  is  an  elec¬ 
tronic  device  for  tracing  upon 
the  screen  of  a  cathode-ray  tube  the 
patterns  of  the  Arabic  numerals 
from  one  to  zero.  It  was  developed 
for  use  in  conjunction  with  large- 
scale  high-speed  electronic  calcula¬ 
tors  that  are  to  produce  results  of 
computation  with  such  frequency 
that  conventional  printing  devices, 
notably  typewriters,  become  inade¬ 
quate  for  keeping  up  with  the  out- 

This  development  was  made  possible 
throiiKh  contract  Nord-8555,  Taak  R,  be¬ 
tween  the  Kureau  of  ()rdnan<*e  of  the  United 
States  Nary  and  Harvard  University. 


put  of  the  machines.  The  numero- 
scope  enables  the  building  of  a 
printer  that  will  display  upon  an 
array  of  cathode-ray  tubes  the  re¬ 
sult  of  a  computation,  and  that  will 
record  the  displayed  quantity  on 
fast  film. 

In  the  investigation  of  methods 
whereby  a  number  could  be  traced 
on  the  screen  of  a  cathode-ray  tube, 
a  number  was  broken  down  into  the 
horizontal  and  vertical  components 
of  displacement  of  the  number  pat¬ 
tern.  The  result  was  two  voltage 
waveforms  which  were  then  ana¬ 


lyzed  for  harmonic  sine  wave  com¬ 
ponents.  The  analysis  showed  that 
very  high  order  harmonics  would 
be  required  to  produce  the  wave¬ 
forms,  so  the  method  of  adding  har- 
monic  sine  waves  to  get  desired  I 
voltage  waveforms  was  abandoned. 

Circuit  TcchRiqMM 

From  the  standpoint  of  circuit 
design,  Arabic  numerals  may  con¬ 
veniently  be  resolved  into  four  gen¬ 
eral  components:  the  straight  line, 
as  in  the  number  1 ;  the  broken  line, 
as  in  the  number  7  or  the  top  por- 


By  HARRISON  W,  FULLER 

Computation  Laboratory 
Harvard  Vnirertity 
Cambridge,  Ma»». 


Numban  oa  photogrophcd  from  foe*  of  oadllowep*  tub*  at  chatter  speed  of 
1/lOth  second.  Exposures  at  1 /500th  second  are  practicable 
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Cathode-Ray  Printing 


Arabic  numerals  are  automatically  traced  on  the  screen  of  a  cathode-ray  tube  when 
triggered  by  a  high  speed  electronic  calculator.  Fast  film  records  numerical  results  at 
a  speed  far  exceeding  that  of  conventional  printing  devices 


tion  of  the  number  5;  the  ellipse,  as 
in  the  number  0  or  the  top  of  the 
number  9;  and  the  half-ellipse,  as 
in  the  lower  portion  of  the  number 
5  or  9. 

The  straight  line  is  obtained  by 
applying  a  sine  wave  voltage  to 
the  horizontal  or  vertical  deflection 
plates  of  a  cathode-ray  tube. 


The  broken  line  is  produced  by 
applying  to  the  horizontal  and 
vertical  deflection  plates  of  a 
cathode-ray  tube  two  rectified  sine 
waves.  The  top  of  the  number 
5,  for  example,  is  produced  by 
applying  to  the  horizontal  deflec¬ 
tion  plate  of  a  cathode-ray  tube 
a  half-wave  rectified  sine  wave  in 


which  the  positive  half  of  the  sine 
wave  is  used.  To  the  vertical  de¬ 
flection  plate  is  applied  a  half-wave 
rectified  sine  w’ave  in  which  the 
negative  half  of  the  sine  wave  is 
used.  Under  the  influence  of  these 
voltages,  the  spot  on  the  screen 
moves  first  to  the  right  and  returns 
again  to  its  original  position,  then 
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uire  half-ellipse  patterns  invari-  lar  velocity  w'  has  a  frequency  of  horizontal  deflection  plates,  and  the 

bly  require  a  second  component.  5,500  cps.  same  load  is  common  to  all  plates 

his  second  component  is  displayed  The  input  circuit  of  the  numero-  feeding  the  vertical  deflection 
uring  the  half  cycle  of  the  square  scope  shown  in  Fig.  1  uses  two  sine  plates.  The  switch  in  the  circuit  is 

^ave  in  which  the  half-ellipse  is  wave  generators  for  the  2,000  cps  for  turning  the  number  0  on  by  mak- 

urned  off.  and  the  5,500  cps  mentioned  above,  ing  the  normally  cut  off  control  grid 

The  last  technique  is  that  used  The  input  circuit  furnishes  these  go  positive.  This  number  requires 
0  position  on  the  screen  of  a  cath-  two  sine  waves  to  the  rest  of  the  no  square  wave  switching, 
de-ray  tube  one  component  of  a  circuit  as  well  as  the  inverted  sine  The  circuit  for  number  7  shown 
lumber  with  respect  to  the  other,  waves  of  these  two  frequencies,  all  in  Fig.  3  forms  another  single  com- 
rhis  positioning  is  done  with  a  of  which  are  needed  to  obtain  the  ponent  broken  line  pattern  demand- 
■positioner”  tube,  the  anode  of  •  variety  of  directions  and  positions  ing  no  switching  or  positioning  cir- 
vhich  is  connected  to  a  second  tube,  of  the  broken  line  and  half-ellipse  cuits.  Type  1N34  crystal  diodes  are 
rhe  second  tube  is  the  one  which  components  of  the  ten  numbers,  used  for  obtaining  the  rectifled  sine 
generates  a  deflection  plate  voltage  Type  6AS6  vacuum  tubes  are  used  waves.  The  potentiometers,  E,,  are 
vaveform  and  the  positioner  tube  as  inverters,  and  6J4’s  as  cathode  amplitude  controls  to  adjust  the 
is  switched  on  and  off  together  followers.  In  the  remainder  of  the  size  and  shape  of  the  pattern.  The 
with  it.  During  the  time  in  which  circuits,  6AS6’s  are  used.  resistors,  iJ„  between  the  potenti- 

the  two  tubes  conduct,  the  posi-  Also  shown  in  the  input  circuit  ometers  and  the  suppressor  grid, 
tioner  tube  draws  a  constant  but  is  a  square  wave  generator  which  is  are  decoupling  resistors  for  the  two 
adjustable  plate  current  through  operated  from  and  is  therefore  of  rectified  sine  wave  inputs, 
the  common  load  resistor,  and  the  same  frequency  as  the  2,000  cps  The  circuit  for  number  2  appears 
therefore  sets  an  adjustable  voltage  sine  wave  generator.  in  Fig.  4.  The  number  consists  of 

level  for  the  waveform.  This  action  The  circuit  for  the  number  0  ap-  an  upper  half -ellipse  component, 
has  the  effect  of  shifting  the  posi-  pears  in  Fig.  2.  The  circuit  con-  and  a  broken  line  component.  V, 
tion  of  one  component  with  respect  sists  of  two  phase  shifting  circuits,  and  V*  produce  the  horizontal  and 
to  the  other.  each  with  amplitude  controls,  R,,  vertical  deflection  plate  voltages,  re- 

for  feeding  two  tubes  with  sine  spectively,  for  the  broken  line  com- 
Namerescep*  Detiga  waves  differing  in  phase  by  90-de-  ponent  of  the  number  2;  this  com- 

Before  considering  the  numero-  grees.  The  plate  loads  of  the  tubes  ponent  of  the  number  is  displayed, 
scope  circuits,  it  would  be  well  to  are  shown,  from  one  of  which  the  as  can  be  seen  from  the  gating  con- 
mention  that  constant  reference  is  vertical  deflection  plate  voltage  for  nections,  during  the  half  of  the 
made  to  two  different  sine  waves,  the  cathode-ray  tube  is  taken,  and  square  wave  cycle  in  which  terminal 
In  the  diagrams  the  two  are  dis-  from  the  other  the  horizontal  de-  B  of  the  square  wave  generator  is 
tinguished  by  angular  velocities  <0,  flection  plate  voltage.  In  the  other  most  positive.  The  input  circuit 
and  u)'.  The  sine  wave  with  angular  number  circuits,  the  plate  loads  are  (Fig.  1)  shows  that  the  two  out- 
velocity  o)  has  a  frequency  of  2,000  not  shown,  for  the  same  plate  load  puts  of  the  square  wave  generator 
cps,  while  the  sine  wave  with  angu-  is  common  to  all  plates  feeding  the  are  biased  down  to  —9  volts.  None 
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CIRCUIT  FOR  NUMERAL  8 


CIRCUIT  FOR  NUMERAL  9 


of  the  tubes  in  the  circuit  for  num-  are  given  complete  in  Fig.  6  to  10. 
ber  2,  therefore,  will  conduct  until  A  5-inch  DuMont  model  208  os- 
the  switch  to  -f-20  volts  is  de-  cilloscope  is  used  to  display  the 
pressed.  Tubes  V,  and  V,  produce  numerals,  the  vertical  and  hori- 
the  voltages  making  the  half-ellipse  zontal  deflection  plate  voltages  be- 
component  of  the  number  during  ing  fed  directly  to  the  deflection 
the  other  half  of  the  square  wave  plates  of  the  cathode-ray  tube  by 
cycle.  In  the  phase  shifting  circuits  resistor-capacitor  coupling.  The 
of  both  tubes,  is  the  phase  shift  saw  tooth  generator,  though  it  is 
control,  and  J?«  the  amplitude  con-  not  used  to  provide  a  horizontal 
trol.  A  small  bj’^pass  capacitor  C,  is  sweep  in  this  circuit,  is  nevertheless 
used  to  eliminate  a  sharp  pulse  that  synchronized  with  the  2,000-cps  sine 
occurred  when  the  tube  commenced  wave.  The  blanking  pulse  produced 
to  conduct  by  the  control  grid  going  in  the  oscilloscope  by  the  sharp 
positive ;  the  pulse  was  of  short  du-  wavefront  of  the  saw  tooth  wave- 
ration,  but  it  nevertheless  produced  form  serves  to  eliminate  much  of 
a  noticeable  distortion  on  the  end  the  retrace  fluorescence  that  would 
of  the  half-ellipse  pattern.  Tubes  otherwise  surround  the  pattern. 

Vt  and  F,  are  the  horizontal  and 

vertical  positioner  tubes  respec-  quipment  ayeut 

tively.  The  screen  grid  voltage  is  Two  requirements  largely  deter- 
used  to  control  the  anode  current,  mine  the  layout  shown  in  the  un- 
and  the  anode  current,  in  turn,  posi-  der-chassis  view:  a  low  cumulative 
tions  one  component  with  respect  plate  to  ground  capacitance,  and 
to  the  other.  It  will  be  noticed  that  electrostatic  isolation  to  prevent 
the  positioner  tubes  may  only  lower  stray  pickup.  For  these  reasons  the 
the  voltage  level  of  the  pattern  be-  three-partition  layout  was  chosen, 
ing  displayed.  If  it  happens,  for  Controls  are  mounted  on  the  parti- 
example,  that  the  voltage  level  of  tion  panels  for  short  leads.  All  sine 
the  waveform  produced  by  V,  of  wave  leads  from  the  input  circuit. 
Fig.  4  is  too  low  to  adjust  the  posi-  and  all  square  wave  switching  leads 
tion  of  the  two  components  of  num-  are  run  in  shielded  cables, 
ber  2,  then  the  gating  connection  of  The  circuits  to  produce  the  Ara- 
F,  must  be  switched  from  A  to  B  bic  numerals  were  developed  to  fit 
in  order  that  the  voltage  level  of  the  the  need  of  high  speed  calculators 
other  component  can  be  lowered  for  a  rapid  printer,  but  of  more 
instead.  general  interest  is  the  fact  that 

The  circuits  for  other  numbers  with  the  circuit  techniques  de¬ 


scribed,  and  perhaps  other  related 
techniques,  increasingly  complex  de¬ 
signs  consisting  of  many  compo¬ 
nents  could  be  built  up  and  dis¬ 
played  on  a  cathode-ray  tube  com¬ 
pletely  electronically.  By  using  an 
electronic  counting  circuit  with  six 
stable  states,  the  two  stable  states 
of  the  square  wave  switching  volt¬ 
age  have  been  replaced  by  six,  and 
three  numbers  have  been  traced 
upon  the  screen  of  a  cathode-ray 
tube  at  once. 

Using  the  circuit  techniques  that 
have  been  presented,  circuits  for 
the  letters  of  the  alphabet  become 
straightforward.  Electronic-photo¬ 
graphic  printers  might  find  appli¬ 
cation  in  an  extremely  rapid  radio¬ 
teletype  system,  or  wherever  a  large 
amount  of  information  must  be 
printed  rapidly. 
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Low  Frequency  Compensation 
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for  Amplifiers 

I 

/ 

Two  unconventional  interstage  coupling  networks  for  low-frequency  amplifiers  are  devel¬ 
oped.  One  has  a  grounded  load  resistor,  thus  providing  a  low  impedance  output;  the  , 

other  requires  very  little  capacitance,  thus  decreasing  size  and  cost.  Design  requirements 

of  the  networks  are  analysed 

— - By  KURT  SCHLESINGER* - -  — - 

KeBfarch  Bnuineering 
Motorola  Inc.,  Chicago,  III. 


Many  modern  applications  of 
electronics,  such  as  radar, 
television,  electrocardiography,  in¬ 
dustrial  vibration  analysis,  and 
electrical  gaging,  require  amplifiers 
that  pass  very  low  frequencies.  For 
example,  although  in  some  applica¬ 
tions  large  amplifier  distortions 
may  be  tolerated  because  the  output 
can  be  corrected  by  clipping  and 
limiting,  in  television  and  facsimile 
where  halftone  shading  must  be 
faithfully  reproduced  even  a  little 
distortion  is  objectionable.  There¬ 
fore,  the  resistance-capacitance 
coupled  amplifiers  (used  because  of 
their  freedom  from  drift  found  in 
directly  coupled  amplifiers)  require 
compensation  to  pass  very  low  fre¬ 
quencies. 

Three  Types  of  CIrenits 

Figure  lA  shows  the  usual  type 
of  interstage  coupling  with  low- 
frequency  coupling,  called  plate 
series  compensation.  The  equaliz¬ 
ing  impedance  AihC,,  is  connected  in 
series  with  the  plate  load  R*.  Fig¬ 
ure  IB  shows  the  equivalent  net¬ 
work  comprising  two  resistances 
and  two  capacitances,  one  of  which 
is  shunted  by  i?,».  It  is  this  leakage 
resistance  across  C„  that  causes  low 
frequency  cutoff.  The  limitation 

*ThiK  mnnimcript  wni  written  and  the 
Work  It  ileacribeii  waa  d«»iit*  while  the 
author  waa  with  the  Columbia  Broadcaat- 
<nit  System. 


could  be  removed  by  providing  addi¬ 
tional  leakage  across  the  corre¬ 
sponding  capacitor  C«  in  the  other 
arm.  However,  the  resulting  d-c 
transmission  that  this  resistance 
would  provide  excludes  this  practice 
in  most  applications,  except  perhaps 
for  the  final  stage  of  a  video  ampli¬ 


fier.  Obviously  the  available  plate 
supply  voltage  limits  the  maximum 
value  of  Ris  hence  large  capacitances 
are  required  if  coupling  is  to  extend 
sufficiently  into  the  low  frequencies. 

These  conditions  are  somewhat 
improved  in  the  circuit  of  Fig.  1C. 
Resistor  R,p  is  in  parallel  with  the 
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FIG.  1 — At  (A)  is  a  conTsniional  low-irsqusocy  compwnsatiag  nstwork;  (C)  and  (E) 
are  two  other  networks  that  provide  the  same  response  but  with  loss  compensating 
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where  T»  is  the  duration  of  pulses  steps.  Fortunately  this  series  con 
handled  by  the  compensated  net-  verges  to 
work  and  T*  is  the  duration  of 
pulses  handled  by  the  uncompen¬ 
sated  one,  with  equal  amounts  of 
drooping.  A  high  value  of  7,  for 
the  compensating  arm  is  desirable, 
hence  grid  compensation  functions 
much  more  efficiently  than  plate 
compensation.  Practical  design  data 
are  presented  in  Fig.  8. 

Squara-Wav«  Retponsa 

Before  applying  these  results  to 
television  amplifiers,  it  must  be 
shown  that  square-wave  response  of 
the  network  does  not  exhibit  signal 
distortions  in  excess  of  those  calcu¬ 
lated  for  unit  step  operation.  Let 

q{t)  -  0.6  (  -  !)• 
nr  <{n-\-l)T 
n  -  0, 1, 2  ... 

be  the  expression  for  a  square-wave 
signal  with  an  amplitude  of  one 
volt  and  a  period  of  27.  Heaviside’s 
superposition  theorem  then  relates 
the  square-wave  response  H(t)  to 
the  unit  step  response  h(t)  as 
H{t)  -  g(t)  -10.5-1- 

J]*  (  -  1)-M« -1- nDl 

where  d  is  the  time  difference  be¬ 
tween  the  occurrence  of  the  last  unit 
step  and  the  instant  t  of  the  obser¬ 
vation.  The  sum  represents  the 
influence  on  the  network  of  an 
infinite  number  of  preceding  unit 


-1-  -  r)-| 

ooflh  (aT)  +  coah(J)D  J 
Figure  4  shows  how  the  square- 
wave  response  H  can  be  derived 
graphically  from  the  unit  step  re¬ 
sponse  h  in  accordance  with  Eq.  3. 
To  obtain  H  at  any  time  t,  take  hft) 
at  that  time,  as  well  as  a  fraction 
of  the  same  function  7  seconds 
earlier.  Superimposing  these  two 
components  yields  the  square-wave 
response  H(t). 

In  Fig.  4  the  procedure  is  applied 
to  a  compensated  network  which  has 
a  step  response  with  a  horizontal 
tangent  at  t  =  0.  The  square-wave 
response  of  the  same  network  ex¬ 
hibits  a  slight  positive  rise  at  the 
start  of  each  period.  To  correct  for 
the  rise,  the  network  should  be 
slightly  undercompensated.  Fur¬ 
ther,  in  contrast  to  the  step  re¬ 
sponse,  which  droops  in  one  direc¬ 
tion  only,  the  actual  square-wave 
output  shows  both  positive  and 
negative  deviations  from  the  ideal 
flat.  The  sum  of  the  distortions, 
however,  does  not  exceed  the  ten 
percent  droop  of  the  unit  step  re¬ 
sponse  during  the  same  time  inter¬ 
val.  Because  this  agreement  tends 
to  improve  for  smaller  distortions, 
circuit  design  based  on  the  condi¬ 
tions  for  flat  top  and  step  droop 
for  the  step  function  .seems  entirely 
justified  for  television. 


FIG.  4 — Development  of  squore-waTe  xe- 
sponae  from  step  response 

compensated  circuit  requires  only 
l/20th  of  the  capacitance  necessary 
in  the  plate  series  network,  or  0.5 
microfarad.  Because  such  small  ca¬ 
pacitors  are  available  with  paper 
insulation,  a  drastic  reduction  in 
size  and  cost  is  possible  with  grid 
compensation  instead  of  plate  com-’ 
pensation.  Also  the  dependability  is 
improved  and  variations  due  to 
aging  or  overload  are  minimized. 

Whereas  the  plate  compensation 
capacitor  operates  at  plate  voltage, 
the  grid  compensation  capacitor  op¬ 
erates  at  the  small  grid  bias 
voltage.  These  advantages  over 
plate  series  compensation  are  real¬ 
ized  to  some  degree  by  the  plate 
shunt  method. 

One  disadvantage  of  both  plate 
shunt  and  grid  compensation  is  that 
neither  offers  as  much  protection 
against  hum  and  slow  fiuctuations 
of  plate  voltage  as  does  the  plate 
series  network.  The  plate  series 
circuit  of  Fig.  3  has  28-db  attenua¬ 
tion  for  60-cps  hum  between  plate 
supply  and  grid,  while  the  other  two 
circuits  have  only  10-db  attenua¬ 
tion.  This  decreased  hum  attenua¬ 
tion  necessitates  a  somewhat  higher 
investment  in  power  supply  filter 
capacitors,  but  they  are  less  critical 
than  those  in  the  interstage  cou¬ 
pling  network.  Video  amplifiers 
with  two  and  three  stages  have  been 
built  with  the  grid  compensation 
network  of  Fig.  3  and  were  found 
to  be  very  satisfactory  and  stable 
in  operation.  By  using  modern 
titanium  dioxide  dielectric  capac¬ 
itors  the  coupling  networks  were 
made  unusually  small. 


Practical  Coaelatiens 

Figure  3  shows  circuits  designed 
by  the  above  approach  using  the 
three  types  of  low-frequency  com¬ 
pensation.  All  three  circuits  were 
designed  to  transmit  a  1/120  second 
pulse  with  a  droop  of  less  than  2 
percent  (1/60  second  pulses  with 
less  than  6  percent).  All  circuits 
have  the  same  d-c  plate  resistance  of 
10,000  ohms  and  the  same  a-c  signal 
impedance  of  3,300  ohms.  The  value 
of  plate  load  yields  a  bandwidth  of 
4.5  me  if  it  is  used  as  the  termina¬ 
tion  of  a  two-section  constant-k 
filter  to  obtain  high-frequency  cor¬ 
rection. 

The  conventional  plate  series 
compensation  needs  an  electrolytic 
capacitor  of  10  microfarads,  the 
plate  shunt  circuit  uses  less  than 
half  this  capacitance,  and  the  grid 
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3 — Typical  valuat  of  Ouoa  typoa  of 
-ompeniottng  networlu  giving  fho  lamo 
porfonnance 
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pensating  and  coupling  networks 
respectively 

l/t*t  “  Ti  *  Cia/fis 

l/m  -  r.  - 

ICuC»/(Cm  +  C»)llft*  +  «« 
The  mean  values  of  these  character¬ 
istic  frequencies  as  they  appear  in 
Eq.  1  are 

o  ■■  H  (wi  +  Oft) 


e  =■  wi/a 
g  =-  (ti>iwt)V* 

y  *»  Ci*/(Ci8  +  t'»j) 

a  * 

Equation  1  gives,  by  operation,  the 
unit  step  response  of  the  network 
(see  (}.  W.  Carter,  “Calculation  of 
Electrical  Transients”,  p  99,  Eq. 
11  and  12) 

h(t)  =  «““*  lcoah(6{)  j- 

l(c  -  a)/b\  3inh(t,t)l  (2) 

To  discuss  Eq.  2  in  technical  terms, 
expand  it  into  a  power  series  in  t  so 
that 

A(l)  -=  1  —  (c  —  2o)l  -i- 

(6»  -1-  3a*  -  2ca)  ((V2)  -  .  .  . 
The  first  order  term  should  vanish 
because  this  condition  indicates  a 
horizontal  tangent  at  t  =  0  (step 
response  starts  flat).  For  this  con¬ 
dition  c  —  2a  =  0  we  obtain 
Flat  top 

HtaCiB  =  HtaCia 

which  condition  holds  regardless  of 
the  value  of  R,». 

The  signal  droop  at  the  end  of  T 
seconds  can  now  be  assessed.  Put¬ 
ting  the  condition  for  flat  top  into 
the  power  series  gives 
h(t)  -  1  -  a*(t*/a)  + 

«fl*((*/3)  -  .  .  . 

Because  the  sign  of  the  third  order 
term  is  positive,  the  drooping  of  a 
compensated  stage  after  T  seconds 
of  unit  step  transmission  is  smaller 
than  0.5  (pT)*.  Thus  we  obtain 
Step  droop 


RELATIVE  Time  AFTER  STEP  INPUT 


-Natwork  rMpont*  to  a  slap  tnput  for  TOTtona  doqroM  of  componacrtlon  b 
ahowB  against  time  relotiT#  to  circuit  time  constant 


Note  that  the  droop  is  determined 
by  such  fundamental  constants  of 
the  network  as  a-c  impedance,  d-c 
leakage,  and  total  capacitance. 

Figure  2  presents  the  unit  step 
response  of  a  stage  with  plate  series 
compensation  for  various  ratios  of 
time  constants  in  the  two  bridge 
arms,  and  the  response  of  an  un¬ 
compensated  stage  for  comparison. 
The  compensated  stage  handles 
pulses  about  five  times  wider  than 
the  uncompensated  stage  with  equal 
droop.  In  general,  the  improvement 
through  low-freqency  compensation 
is 

Ti*  -  27*87’, 
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for  Small  A-C  Motors 


Using  small  thyratrons  costing  only  a  few  dollars  per  kva  of  power  controlled,  this 
system  maintains  speed  of  variably  loaded  motor  within  6  percent  of  preset  values  that 
fall  within  upper  2/3  of  motor  speed  range.  Shunted-transformer  circuit  minimizes 

thyratron  voltage  rating  requirements 


Shuntad  transionnar.  thTrotroni.  d-c  ampliiiar.  raTarsing  ralay 
and  tpaad-aalactor  potantiomatar  ora  containad  in  this  chassis 


voltage  over  the  desired  range  of 
speed  and  torque,  the  system  re¬ 
quires,  as  its  other  basic  element,  a 
device  that  can  control  the  a-c 
voltage  supplied  to  the  motor  in 
response  to  small  variations  in  the 
d-c  voltage  supplied  by  the  speed- 
selector  potentiometer  and  by  the 
tachometer  generator.  A  saturable 
reactor  with  a  suitable  amplifier  to 
supply  the  control  current  at  once 
suggests  itself.  But  since  the 
speed  of  response  of  the  saturable 
reactor  is  comparable  to  that  of 
the  motor,  the  use  of  such  a  com¬ 
bination  would  tend  to  result 
in  an  unstable  system.  The  ar¬ 
rangement  finally  adopted  is  one 
which  has  been  used  to  some 
extent  for  voltage  regulation 
and  lighting  control.  It  consists 
of  a  transformer  shunted  by  a 
thyratron  or  pair  of  thyratrons  and 
placed  in  series  with  the  load  and 
line  as  shown  in  Fig.  3. 

When  the  thyratrons  are  not  fir¬ 
ing,  the  current  through  the  motor 
is  limited  to  the  magnetizing  cur¬ 
rent  of  the  transformer,  which  is 
made  small  enough  so  that  the 
motor  will  not  start.  When  the  thy¬ 
ratrons  fire  for  part  of  each  half 
cycle,  short-circuiting  the  second¬ 
ary,  current  flows  through  the 
motor  during  the  firing  time.  This 
current  is  limited  only  by  the  low 
resistance  of  the  transformer. 
Essentially,  the  motor  is  connected 
directly  to  the  line  during  the  firing 
time  and  disconnected  during  the 
remainder  of  the  cycle. 

A  phase-shifted  a-c  bias  is  em¬ 
ployed  with  the  d-c  control  voltage 
in  the  conventional  arrangement  so 
that  as  the  control  voltage  is  in¬ 
creased,  the  thyratrons  just  com¬ 


mence  to  fire  near  the  end  of  each 
half  cycle.  With  larger  control 
voltages,  the  instant  of  firing 
moves  progressively  nearer  the  be¬ 
ginning  of  the  cycle.  Increasing 
the  d-c  control  voltage,  therefore, 
causes  the  rms  value  of  the  motor 
voltage  to  increase  smoothly  until 
full  line  voltage  is  applied.  Al¬ 
though  this  system  distorts  the 
waveform  at  reduced  voltage,  the 
distortion  becomes  negligible  as 
maximum  output  voltage  is  ap¬ 
proached.  The  system  has  the 
great  advantage  that  its  response  is 
very  rapid,  within  one  cycle  or  one- 


half  cycle,  so  that  a  stable,  closed- 
cycle  system  can  be  easily  provided 
for  motor  speed  controL 

Economical  Uso  of  Thyratrons 

Another  important  advantage  of 
this  type  of  thyratron  control  cir¬ 
cuit  is  that  the  step-up  ratio  of  the 
transformer  can  be  used  to  take 
advantage  of  the  full  peak  forward 
voltage  rating  of  the  thyratrons, 
making  it  possible  for  relatively  in¬ 
expensive  tubes  to  control  large 
amounts  of  power.  If  the  peak 
value  of  the  transformer  secondary 
voltages  is  made  equal  to  the  peak- 
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SPEED 


Speed  Control 


the  preset  speed  under  load.  Such  motor  to  maintain  the  preset  speed, 
a  system  is  essentially  an  adjust*  To  increase  the  motor  voltage,  more 
able  electronic  governor.  Full  volt-  d-c  control  voltage  must  be  applied 
age  is  applied  to  the  motor  until  its  to  the  thyfatrons.  This  change  in 
speed  approaches  the  preset  value,  voltage  divided  by  the  gain  of  the 
Then  the  voltage  is  automatically  amplifier,  equals  the  voltage  that 
reduced  to  a  value  just  sufficient  to  must  be  provided  by  the  tachometer 
maintain  the  desired  speed.  If  the  generator.  Thus,  a  small  but  defi- 
load  increases,  the  voltage  is  in-  nite  drop  in  speed  must  take  place 
creased  correspondingly  so  that  •  when  the  load  is  increased.  This 
only  a  very  small  drop  in  speed  requirement  of  a  finite  error  volt- 
takes  place.  age  is,  of  course,  characteristic  of 

-  ^  ,  systems  of  this  kind.  The  actual 

Serve  Control  System  .  - 

variation  of  speed  with  torque  for  a 

The  elements  of  a  complete  sys-  given  speed  setting  depends  on  the 
tern  of  this  kind  are  shown  in  Fig.  speed-torque  characteristics  of  the 
1.  The  speed  selector  consists  of  a  motor  at  various  voltages,  as  well 
constant  d-c  source  and  a  voltage  as  on  the  thyratron  control  char- 
divider,  which  provides  a  voltage  acteristics  and  amplifier  gain, 
proportional  to  the  desired  speed.  ..  .  ,  ^  ^ 

,r<,.  1  j  •  i.  Use  of  A-C  Commutator  Motors 

This  voltage  is  bucked  against  a 

d-c  voltage  proportional  to  the  ac-  The  characteristics  of  a-c  com- 
tual  motor  speed  obtained  from  a  mutator  motors  are  particularly 

tachometer  generator.  The  varying  j suitable  for  a  control  of  this  type, 
difference  in  voltage  is  amplified  Not  only  is  the  speed  characteristic 
and  applied  to  the  input  of  the  thy-  sensitive  to  voltage  in  the  desired 
ratron  control,  causing  correspond-  manner,  but  high  torque,  also,  can 
ing  variations  in'the  a-c  voltage  ap-  be  provided  at  low  speeds.  These 
plied  to  the  motor.  Basically,  the  facts  are  illustrated  in  Fig.  2, 
system  is  a  simple  type  of  servo-  which  gives  a  family  of  speed- 
mechanism  or  closed-cycle  control  torque  curves  for  a  4-pole,  1/2-hp, 
system  because  the  control  is  actu-  115- volt  repulsion  motor  at  vari- 
ated  by  the  error,  or  the  difference  ous  constant  applied  voltages.  It 
between  the  input  and  the  output,  will  be  seen  that  a  speed  of  500 
The  gain  of  the  amplifier  can  be  rpm  can  be  maintained  from  nc 
made  sufficient  so  that  only  a  small  load  to  well  beyond  rated  torque 
difference  between  the  speed  se-  by  varying  the  applied  voltage, 
lector  voltage  and  the  tachometer  At  no  load  at  this  speed,  the 
voltage  will  cause  full  line  voltage  electronic  control  should  suppb 
to  be  applied  to  the  motor  with  con-  of  the  order  of  30  volts  to  the 
sequent  rapid  acceleration.  As  the  motor.  At  a  torque  of  18  ounce- 
motor  approaches  the  desired  feet  the  voltage  should  be  raised  tc 
speed,  the  applied  a-c  voltage  is  re-  55,  and  at  33  ounce-feet  to  70  volts 
duced  until  equilibrium  is  reached  If  the  control  could  automatically 
at  a  constant  speed.  When  this  con-  supply  exactly  these  required  volt 
dition  occurs,  the  tachometer  volt-  ages  as  the  load  varied,  the  speed 
age  will  be  very  closely  equal  to  the  torque  curve  of  the  motor  and  con 
speed  selector  voltage.  Moreover,  trol  would  be  a  horizontal  line,  but 
the  speed  calibration  of  the  se-  as  pointed  out,  some  drop  of  speec 
lector  in  volts  per  hundred  rpm  is  necessary  to  provide  the  contro 
will  be  very  nearly  the  same  as  voltage  required  by  the  thyratroni 
that  of  the  tachometer  generator  to  raise  the  motor  voltage, 
up  to  the  maximum  speed  that  can  ^  » 

,  .j  j  L  Thyratron-Shunted  Transformer 

be  provided  by  the  motor. 

If  the  load  is  increased,  more  In  addition  to  a  motor  that  wil 
voltage  'must  be  applied  to  the  respond  properly  to  variations  ii 


FIG.  1 — ^Difference  in  Toltagee  from  loch* 
ometer  generator  and  epeed-eelector 
potentiometer  roiults  in  error  eignoL  This 
eignol.  after  being  amplified,  octnates 
thyrerthm  control  drenit 


TORQUE  IN  OUNCE -FEET 


FIG.  2 — Speed-lergne  ennres  for  o  4-poIe. 
Vn-h-p.  llS-eolt  repulsion  motor.  Because 
the  speed  characteristic  of  this  type  of 
motor  is  sensitiTO  to  changes  in  Toltoge.  it 
Is  particularly  suitable  for  control  systems 
of  the  kind  described  here 


By  W.  N.  TUTTLE* 

GeueraJ  RaiHo  Companv 
Cambritlge,  Ua»n. 


SPEED  CONTROL  of  small  motors 
operating  from  a-c  supply  is 
expensive,  particularly  in  most 
machine  tool  applications  where  it 
is  required  that  speed  be  well  main¬ 
tained  under  load  for  various  preset 
values.  Two  controls  capable  of 
excellent  performance  are  motor- 
generator  systems  of  various  types, 
and  thyratron-rectifier  systems  for 
supplying  variable  armature  volt¬ 
age  to  d-c  motors.  The  cost  of 
either  of  these  controls,  however,  in 
many  cases  is  ten  or  more  times  the 
cost  of  the  motor,  so  that  they  must 
be  ruled  out  for  many  applications 
where  their  characteristics  would 
otherwise  be  most  desirable. 

A  simpler  control  giving  a  rea¬ 
sonably  flat  speed-torque  character¬ 
istic  can  be  obtained  by  employing 
thyratrons  to  regulate  the  alternat¬ 
ing  voltage  applied  to  an  a-c  com¬ 
mutator  motor  so  as  to  maintain 


*  Paper  presented  at  National  Elec* 
truniuti  Conference  In  Chicago.  1947. 
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FIG.  3 — Motor  curront  ilowt  during  periods  when  tronsformor  is  >  short-circuited  by 
firing  of  thyrotrons.  Length  of  firing  periods,  and  therefore  speed  of  motor,  is  con¬ 
trolled  by  changes  in  thyrotron  bias  Toltage 


forward-voltage  rating  of  the  tubes, 
it  can  be  shown  that  the  number  of 
volt-amperes  which  can  be  con¬ 
trolled  by  a  thyratron  equals  i:/4 
multiplied  by  the  product  of  the 
peak-forward-voltage  rating  and 
the  average  current  rating.  Ratings 
of  a  few  industrial  tubes  are  shown 
in  Table  I. 

The  tube  cost  per  kva  can  thus  be 
brought  down  to  a  few  dollars,  even 
in  low-power  equipment,  although 
the  transformer  must  have  a  rating 
equal  to  the  volt-ampere  rating  of 
the  load  and  becomes  the  most  ex¬ 
pensive  single  component  of  the 
control.  The  well-known  arrange¬ 
ment  of  a  pair  of  inversely-con¬ 
nected  thyratrons  has  control  char¬ 
acteristics  similar  to  those  of  the 
present  arrangement  and  avoids 
the  use  of  a  transformer,  but  the 
tube  rating  must  be  high  enough  to 
carry  the  full  load  current.  The 
transformer  increases  the  capacity 
of  even  the  lower-voltage  thyra¬ 
trons  by  a  factor  of  8  or  4  at  230 
volts  and  by  twice  this  amount  for 
115- volt  operation.  In  comparison 
with  the  inversely  connected  thyra¬ 
tron  pair,  the  transformer  system 
saves  the  higher  initial  and  replace¬ 
ment  cost  of  the  additional  thyra¬ 
tron  capacity,  saves  the  correspond¬ 
ing  additional  heater  power,  and  in 
many  cases,  benefits  from  the 
shorter  warmup  time  of  the 
smaller  tubes.  In  comparison  with  a 
system  using  thyratrons  as  recti¬ 
fiers  to  supply  armature  power. 


which  also  requires  a  transformer, 
the  tube  cost  saving  is  clear  gain. 

Circuit  Details 

The  circuit  shown  in  Fig.  3  em¬ 
ploys  a  full-wave  thyratron.  Small 
cathode  resistors  in  conjunction 
with  time  delay  networks  in  the 
grid  circuits  insure  satisfactory  di¬ 
vision  of  the  load.  Without  this  pre¬ 
caution,  one  tube  may  take  a  pro¬ 
gressively  larger  share  of  the  load, 
as  full  firing  is  approached  until  the 
other  tube  ceases  firing  altogether 
and  the  circuit  operates  on  a  half¬ 
wave  basis.  The  cathode  bias  re¬ 
quires  the  use  of  separate  filament 
windings  for  the  two  tubes.  Xe¬ 
non-filled  tubes  which  were  tried 
divided  the  load  satisfactorily  in  a 
full-wave  circuit  without  this 
complication,  possibly  because  the 
gas  pressure,  and  consequently  the 
firing  point  is  not  progressively 
shifted  as  one  tube  heats  more 
than  another  under  load.  The  a-c 
bias  voltage  for  the  thyratrons 
must  be  in  opposite  phase  for  the 

Table  1 — ^Thyratron 
Characteristics 


Average  Peak  A-C  Control 
Current  Forward  Volt- 
Amperes  Voltage  Amperes 


3C23 

1.5 

1,250 

1,473 

C3J 

2.5 

750 

1,473 

FG-17 

0.5 

2.500 

982 

5545 

6.4 

1.500 

7450 

NL-714 

1.0 

1,250 

982 

FG-172 

64 

2,000 

10,050 

thyratrons  firing  on  half  cycles  of 
opposite  polarity.  The  two  R-C  cir¬ 
cuits  required  are  connected  across 
a  single,  center-tapped,  transformer 
winding.  The  rest  of  the  circuit 
consists  of  a  d-c  amplifier,  having  a 
gain  of  about  18,  and  the  associated 
power  supply,  which  also  provides 
the  constant  d-c  voltage  for  the 
speed-selector  potentiometer.  The 
output  of  the  tachometer  generator 
is  2  volts  per  100  rpm,  so  that  40 
volts  is  required  across  the  speed- 
selector  potentiometer  for  speeds  up 
to  2,000  rpm. 

Range  of  Speed  Control 

Performance  curves  for  a  ^/^-hp, 
4-pole  repulsion  motor  operating 
with  the  control  are  given  in  Fig. 
4.  At  speeds  below  rated  speed 
effective  control  is  readily  obtained 
from  no  load  to  well  beyond  rated 
torque.  At  higher  speeds  control 
is  available  only  up  to  the  point 
where  full  voltage  is  applied  to  the 
motor,  beyond  which  the  speed 
curve  follows  the  constant  115- 
volt  characteristic  shown.  The 
upper  curve  taken  for  a  no-load 
speed  setting  of  2,500  rpm,  illus¬ 
trates  this  characteristic.  For  this 
setting  regulation  occurs  only  up 
to  very  light  loads.  At  greater 
loads  the  thyratrons  are  supplying 
maximum  voltage  and  can  no 
longer  exert  control. 

The  motor  should  be  so  designed 
that  it  can  supply  the  required 
torque  at  maximum  speed  with 
somewhat  less  than  the  maximum 
voltage  available  from  the  control, 
which  is  about  10  percent  less  than 
the  line  voltage.  For  the  curves 
shown,  the  motor  had  a  standard 
115-volt  winding  and  the  voltage 
was  boosted  10  percent  before  be¬ 
ing  applied  to  the  control,  but  the 
motor  could  equally  well  have  been 
wound  for  lower-voltage  operation. 
If  a  wider  speed  range  is  required 
than  for  the  4-pole  motor  shown,  a 
2-pole  repulsion  motor  can  be  em¬ 
ployed  to  cover  twice  the  speed 
range,  or  a  series  motor  to  reach 
still  higher  maximum  speeds. 
Satisfactory  control  has  been  ob¬ 
tained  over  a  speed  range  of  more 
than  100  to  1.  In  fact,  the  speed 
control  can  be  turned  down  until 
the  motor  makes  only  2  or  3  rpm, 
and  uniform  rotation  will  continue 
if  no  appreciable  load  is  applied. 
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Figure  4  shows  that  the  rise  in 
speed  from  full  load  to  no  load  is 
about  100  rpm  at  the  rated  motor 
speed  of  1,725  rpm.  As  the  setting 
of  the  speed  selector  is  decreased, 
the  speed  rise  diminishes,  ap¬ 
proaching  a  final  value  of  35  to 
40  rpm.  This  decreased  speed 
rise  occurs  because  less  voltage 
,  change  is  required  at  the  motor  at 
lower  speeds  to  compensate  for  a 
given  change  in  torque.  Also,  a 
smaller  change  in  the  tachometer 
voltage  and  less  change  in  speed  are 
required  to  produce  the  necessary 
change  in  the  thyratron  control 
voltage. 

Speed  Regulation 

Speed  regulation  curves  for  the 
4-pole  motor  are  given  in  Fig.  5, 
expressed  both  as  percentage  and 
as  rpm  rise  in  speed  from  full  load 
to  no  load.  The  percentage  regula¬ 
tion  varies  between  4  and  6  percent 
between  600  and  1,800  rpm,  as  the 
reduction  in  the  required  control 
voltage  almost  balances  the  drop  in 
operating  speed.  At  speeds  below 
600  rpm,  the  percentage  rise  in¬ 
creases  rapidly,  the  rpm  rise  be¬ 
tween  full  load  and  no  load  remain¬ 
ing  constant  at  the  35  rpm  value. 
Thus,  in  addition  to  permitting 
speed  adjustment  over  a  wide 
range,  the  control  provides  reason¬ 
ably  flat  speed  regulation. 

Torqua  Ratings 

A  third  important  factor  is  the 
maximum  torque  available  at 
various  speeds  throughout  the  con¬ 
trol  range.  It  would  be  highly  satis¬ 
factory  if  the  torque  rating  of  an 
adjustable-speed  motor  could  be 
maintained  constant  at  speeds  be¬ 
low  base  speed.  A  d-c  shunt  motor 
is  sometimes  assumed  to  have  a 
constant  torque  rating  for  a  wide 
speed  range  when  armature  voltage 
control  is  used,  because  the  same 
armature  current  produces  the 
same  torque  and  the  same  PR 
losses.  But  the  greatly  reduced  effi¬ 
ciency  of  the  cooling  fan  requires 
considerable  reduction  of  the  allow¬ 
able  continuous-duty  torque.  Moore’ 
gives  data  on  a  1-hp  motor  operat¬ 
ing  on  pure  d-c  voltage  which  at  the 
same  torque  had  twice  the  temper¬ 
ature  rise  at  100  rpm  as  at  1,750 
rpm,  although  the  total  losses  were 
twice  as  great  at  the  higher  speed. 


largely  because  of  increased  fric¬ 
tion  and  windage. 

The  repulsion  motor  is  most  effi¬ 
cient  and  commutation  is  best  near 
synchronous  speed.  Greater  cur¬ 
rent,  involving  higher  PR  losses, 
is  required  to  develop  the  same 
torque  at  lower  speeds.  One  would 
expect,  therefore,  that  the  reduc¬ 
tion  in  torque  rating  between  base 
bpeed  and  low  speed  would  be  ap¬ 
preciably  greater  for  the  repulsion 
motor  than  for  the  d-c  shunt  motor. 
In  addition,  the  fact  that  the  motor 
voltage  waveform  is  distorted  by 
the  a-c  control  at  low  speeds  would 
be  expected  to  result  in  increased 
losses.  This  increase  in  losses  was 
not  found  to  be  serious.  Conse¬ 
quently,  the  reduction  of  rating  is 
determined  largely  by  the  motor 
characteristics. 

A  favorable  factor  which  com¬ 
pensates  to  a  great  extent  for  this 
difference  at  low  speeds  is  that  no 
derating  with  the  a-c  system  is 
required  at  base  speed.  The  in¬ 
crease  in  losses  from  the  distorted 
waveform,  which  is  small  at  low 


FIG.  4 — Spaod-torque  chaiactaristici  for  a 
V^-h-p.  4-pole,  llS-Tolt  repulsion  motor 
operating  with  the  control  eTitem  de- 
■cribed.  Droop  of  the  2.500-rpm  curve 
results  from  inahility  of  control  circuit  to 
deliver  to  motor  a  voltage  greater  than 
that  of  line 


FIG.  5 — Speed  regulation  curves  for  the 
4-pole  motor.  Speed  rise  as  motor  loading 
changes  from  fiUl  load  to  no  load  is  given 
in  rpm  and  percent 


speeds,  becomes  entirely  negligible 
as  base  speed  is  appr  cached  and  the 
output  voltage  of  the  control  be¬ 
comes  more  nearly  .sinusoidal. 
Therefore,  the  motor  with  the 
present  control  can  be  used  at  its 
full  rating  near  base  speed,  whereas, 
as  shown  also  by  Moore,  the 
shunt  motor  with  thyratron  control 
must  be  derated  about  one-third, 
even  at  base  speed,  because  of  the 
form  factor  of  the  rectified  arma¬ 
ture  voltage.  The  combination  of 
the  low-speed  derating  with  this 
base  speed  derating  of  the  d-c  sys¬ 
tem  is  believed  approximately  equal 
to  ’  the  low-speed  derating  of  the 
repulsion  motor,  so  that  the  two 
systems  should  require  comparable 
oversize  motors.  A  series  motor 
requires  approximately  the  same 
current  to  deliver  a  given  amount 
of  torque  throughout  the  speed 
range.  Hence,  it  is  possible  that 
one  of  the  special  motors  of  this 
type,  designed  to  reduce  commuta¬ 
tion  difficulties,  will  prove  more  effi¬ 
cient  than  the  repulsion  motor  at 
low  speeds.  Where  a  maximum 
speed  of  the  order  of  10,000  to  12,- 
000  rpm  is  desired,  a  standard  uni- 
I  versal  motor  is  almost  ideal  for  use 
with  the  control  and  can  deliver 
considerable  power  for  its  size  over 
a  wide  speed  range. 

The  simplicity  of  the  system  is 
illustrated  by  the  size  of  an  experi¬ 
mental  control  unit  for  a  1/2-hp, 
115-volt  electrically  reversible  re¬ 
pulsion  motor.  All  components,  in¬ 
cluding  the  transformer,  reversing 
contractor,  and  overload  breaker 
are  enclosed  in  a  case  6  by  12  by  18 
inches.  Two  3C23  tubes  can  supply 
between  25  and  30  amperes  to  the 
motor  without  exceeding  their  con¬ 
tinuous-duty  rating.  This  permits 
fast  starting  and  instant  reversal 
without  any  provision  for  current 
limiting.  Because  small  tubes  are 
used,  the  warmup  time  is  only  15 
seconds. 

The  writer  wishes  to  acknowl¬ 
edge  courtesies  generously  ex¬ 
tended  by  the  Leland  Electric  Com¬ 
pany,  including  the  supplying  of 
special  motors,  test  equipment,  and 
operating  data. 
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Pigtail  resistors  are  checked  against  a  standard  with  a  percentage  limit  bridge  at  a  speed 
of  1,800  per  hour.  An  electronic  null  detector  and  special  fixtures  peduce  hand  opera¬ 
tions  to  a  minimum 


Teat  Equipment  Engineer 
Farimuorth  Television  and  Radio  Corp. 
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IN  MANUFACTURE  of  electronic 
equipment,  the  percentage  limit 
bridge  with  its  usual  accessories 
often  fails  to  meet  all  resistor-test¬ 
ing  requirements.  In  the  design  to 
be  described,  the  instrument  is 
arranged  for  maximum  utility  and 
speed  of  operation.  The  physical 
design  of  the  equipment  has  been 
influenced  primarily  by  job  analysis 
and  motion  study. 

The  equipment  consists  of  two 
assemblies  so  that  maximum  table 
space  is  made  available  to  accommo¬ 
date  other  testing  operations.  All 
major  sources  of  heat  are  isolated 
from  the  operator,  and  from  the 
calibrated  components,  by  being 
mounted  in  the  rear  assembly.  The 
front  assembly  shown  in  Fig.  1 
contains  the  complete  bridge  circuit 
and  the  null-indicating  instrument. 
This  confines  all  points  of  operation 
to  a  small  space  and  allows  mini¬ 
mum  motion  of  both  hands  and 
eyes.  The  sequence  of  motions  by 
the  operator  are  natural,  rhyth¬ 
mical,  and  as  nonfatiguing  as 
possible. 

Sequence  of  Operations 


ConTonient  layout  of  controli  cmd  swltchee  penniti  minimum  moToment  by  the  operator 


resistor  is  inserted  in  the  test  clips,  eration  might  be  regarded  as  a 
the  operator’s  hands  are  removed  motion  that  should  be  eliminated,  it 
from  the  test  circuit  while  the  limit  becomes  useful  in  this  arrangement 
measurements  are  being  made  by  as  an  inducement  for  the  operator 
continuing  the  motion  of  the  fore-  to  remove  his  hands  from  R,.  At 
arms  downward.  When  the  release  the  same  time  the  switching  opera- 
motion  is  completed,  the  limit-  tion  has  been  reduced  to  a  negli- 
switching  operation  follows  auto^  gible  loss. 

matically  since  the  motion  of  the  Gross  time  study  of  the  operation 
right  arm  is  terminated  by  striking  of  this  equipment,  inspecting  one- 
(with  the  bottom  of  the  hand)  a  watt  carbon  resistors  with  axial 
large  Bakelite  platform  which  is  leads,  shows  an  operating  speed  of 
mechanically  coupled  to  the  limit  about  1,800  pieces  per  hour  for  a 
switch.  male  operator. 

The  operator’s  cues  to  observe 
the  indicator  are  the  operations  of 

releasing  and  switching.  If  the  In  the  design  of  the  electronic 
switching  operation  causes  the  in-  d-c  null  indicator  shown  schemati- 
dicator  needle  to  cross  zero  (mid-  cally  in  Fig.  2,  some  sacrifice  has 
An  operator,  when  inspecting  scale)  the  resistor  is  known  to  be  been  made  in  voltage  sensitivity, 
pigtail  type  resistors,  takes  them  within  the  limits  indicated  by  the  But,  since  the  input  resistance  to 
from  stock  a  handful  at  a  time.  The  settings  of  the  limit  controls.  The  this  instrument  is  10  megohms,  the 
individual  resistor  is  delivered  to  resistor  is  then  removed  by  a  re-  current  sensitivity  is  better  than 
the  test  clips  while  being  held  by  its  versal  of  the  insertion  operations.  0.001  microampere  per  least  scale 
leads,  one  in  each  hand.  After  the  Although  the  limit-switching  op-  division.  The  voltage  sensitivity  is 
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itself  automatically  to  the  ideal  re¬ 
quirements  throughout  its  applic¬ 
able  range. 

There  is  no  pretense  of  using  the 
VR-76  for  regulating  purposes. 
Rather,  this  tube  serves  as  an  auto¬ 
matic  voltage  limiter  which  will  not 
shunt  the  output  circuit  as  maxi¬ 
mum  load  current  is  approached. 
The  maximum  output  voltage  ob¬ 
tained  was  chosen  as  approximately 
the  maximum  which  cannot  be 
sensed  by  an  operator’s  fingers.  No 
greater  voltage  is  ever  required  be¬ 
cause  of  the  high  current  sensitiv¬ 
ity  of  the  null  indicator. 

Maximum  output  power,  obtained 
at  the  deionization  potential  of  the 
VR-75,  is  about,  1.76  watts.  Since 
the  multiplier  consumes  almost  I 
watt,  there  remains  only  one  watt 
to  be  divided  about  evenly  between 
the  standard  and  the  unknown. 
This  feature  provides  ample  pro¬ 
tection  against  damaging  overloads. 
The  maximum  current  available  to 
the  test  circuit  is  25  ma.  Whenever 
low  resistance  setups  require  more 
current  than  this,  battery  power 
will  be  more  applicable. 

The  test  clips  are  machined  from 
i-inch  square  stock.  When  made 
*from  hardened  steel  or  finished  in 
hard  chrome  plate  they  have  been 
found  to  accommodate  millions  of 
insertions  without  noticeable  wear. 
The  two  members  of  each  contact 
assembly  are  bound  together  with  a 
single  screw  against  a  compres-sion 
spring.  This  arrangement  provides 
for  adequate  adjustment  of  contact 
pressure,  and  convenience  in  dis¬ 
mantling  for  cleaning. 


tube  selections  are  favorable,  the 
zero  drift  may  be  less  than  two  de¬ 
grees  defiection  (equivalent  to 
about  10  mv)  with  line  voltage  vari¬ 
ations  of  10  percent.  The  first  stage 
deserves  the  most  favorable  choice 
of  tubes  and  it  is  also  desirable  that 
the  input  tube  be  a  hard  one  to  min¬ 
imize  the  effects  of  input  resistance 
variation.  This  latter  requirement 
is  not  too  critical,  however,  since 
the  final  zero  adjustment  may  be 
corrected  for  any  particular  setup, 
after  which  the  remaining  errors 
will  be  entirely  negligible. 

Power  Supply 

The  power  supply  is  inadequate 
for  operating  the  bridge  through 
the  very  low  end  of  the  resistance 
range  but  it  takes  care  of  all  bat¬ 
tery  requirements  for  values  above 
100  ohms,  which  include  the  wide 
majority  of  applications.  It  adjusts 


Ponol  controls  and  contact  Jlqs  oi  the 
brldgo  nnlt  and  aecossory  oloctronic  unit 


still  great  enough  for  0.1  percent 
discrimination  with  as  little  as  5 
volts  applied  to  the  bridge.  The 
electronic  null  indicator  allows  the 
limit  bridge  to  be  applied  profi¬ 
ciently  to  resistances  ranging  be¬ 
tween  5  ohms  and  60  megohms,  a 
ten-million-to-one  ratio. 

The  circuit  of  the  null  indicator 
consists  of  a  series-balanced  d-c 
voltage  amplifier  direct  coupled  to  a 
parrallel-balanced  current  amplifier. 
The  input  of  the  voltage  amplifier 
is  actuated  from  the  null  terminals 
of  the  bridge  through  a  light  a-c 
filter. 

The  circuit  quantities  shown  pro¬ 
vide  ample  sensitivities,  and  zero 
drift  is  low  enough  not  to  require 
filament  voltage  regulation  to  sta¬ 
bilize  contact  potentials.  At  the 
same  time  the  variable-mu  grids 
obtain  a  semilogarithmic  deflection 
pattern  (see  Fig.  3)  which  is  con¬ 
sidered  most  desirable  in  some 
applications. 

Tube  matching  is  the  most  criti¬ 
cal  provision  for  these  circuits.  If 
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FIG.  1 — Schematic  of  bridge  aMembly. 
The  panel  meter  has  a  0.5-ma  zero-center 
range  and  the  rezistore  are  accurate  to 
±0.1  percent 
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INPUT  IN  VOLTS 


■Circuits  oi  the  voltoge  supply  ond  null  indicator  ompliiien  thot  form  the 
occeuory  unit.  This  moy  be  mounted  away  from  the  table  area 


FIG.  3 — Deflection  curve  oi  null  Indicator 
using  remote  cutoff  tubes 
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The  trend  toward  use  of  higher 
and  higher  frequencies  during 
the  last  war  necessitated  a  com¬ 
pletely  new  approach  to  the  design 
of  high-frequency  cables.  Since 
some  of  the  design  data  has  until 
recently  been  classified,  it  was  felt 
that  a  detailed  review  of  high-fre¬ 
quency  cable  design  would  find  wide 
application  in  the  industry. 

At  high  frequencies  (in  the  mega¬ 
cycle  range)  the  transmission  line 
must  be  terminated  in  a  load  whose 
impedance  is  equal  to  the  character¬ 
istic  impedance  of  the  line,  in  order 
to  prevent  refiections  and  standing 
waves  that  cause  excessive  power 
loss.  For  high-frequency  operation, 
therefore,  the  characteristic  impe¬ 
dance  of  the  cable  becomes  one  of 
its  most  important  properties. 

Characteristic  impedance  i  n 
ohms,  usually  denoted  Z*,  is  deter¬ 
mined  by 

z,  -  %rK±jjdL.  fi) 

1  o  +  < «  c 

where  R  is  resistance  in  ohms  per 
unit  length,  L  is  inductance  in  hen- 
rys  per  unit  length,  C  is  capacitance 
in  farads  per  unit  length,  and  G  is 


conductance  in  mhos  per  unit 
length.  This  reduces  to 

Zt  -  VZTc  (2) 

since  R  is  very  small  compared  to 
(dL  and  G  is  very  small  compared  to 

<i)C. 

Ceaxiol  Ll»*« 

The  most  common  type  of  high- 
frequency  cable  is  the  coaxial  cable 
in  which  the  outer  conductor  com¬ 
pletely  surrounds  the  centrally  dis¬ 
posed  inner  conductor:  At  high  fre¬ 
quencies  the  internal  inductance  is 
negligible  due  to  the  skin  effect 
which  confines  the  current  to  the 
outer  surface  of  the  inner  conduc¬ 
tor  and  the  inner  surface  of  the 
outer  conductor.  The  inductance  of 
a  coaxial  cable  then  becomes 

L  -  0.140  logio  (D/d)  (3) 

and  the  capacitance  is 
P  C  -  7.36  i/log,,  (D/d)  (4) 

where  L  is  in  microhenrys  per  foot, 
C  is  in  micromicrofarads  per  foot, 
D  is  the  outside  diameter  of  the  in¬ 
sulation,  d  is  the  diameter  of  the 
inner  conductor,  and  k  is  the  dielec¬ 
tric  constant  of  the  insulating  ma¬ 
terial. 


.  Substituting  Eq.  8  and  4  in  Eq.  2 
gives  the  useful  design  equation  for 
characteristic  impedance  in  terms 
of  the  diameters  of  the  conductors 
and  the  dielectric  constant  of  the 
insulating  material. 

138 

Ze  —  logiu  (D/d)  (5) 

The  nomograph  in  Fig.  1  gives  a 
rapid  solution  of  Eq.  5. 

In  the  foregoing  equations,  d  rep¬ 
resents  the  outside  diameter  of  a 
solid  inner  conductor.  For  the  us¬ 
ual  concentrically  stranded  seven- 
strand  conductor,  93  percent  of  the 
maximum  conductor  diameter  is 
used  as  the  effective  diameter. 

From  Eq.  4  and  5  another  equa¬ 
tion  is  obtained  which  is  useful  in 
determining  the  characteristic  im¬ 
pedance  of  a  cable  from  actual 
measurements  of  the  capacitance  C 
in  ^/if  per  foot  and  the  dielectric 
constant  k 

Z,  -  1,016  Vl/C  («' 

Velocity  of  Propagatioo 

Radio  waves  travel  at  a  speed  of 
300  million  meters  per  second  in 
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Practical  design  equations  and  two  nomographs  facilitate  calculation  of '  characteristic 
impedance,  inductance,  time  delay,  attenuation,  and  power  rating  for  solid-dielectric 
coaxial  and  two-conductor  balanced  lines  operating  in  h-f  and  vhf  bands.  A  typical 
polyethylene  cable  design  problem  is  worked  out 
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free  space.  The  velocity  of  a  wave 
propagated  along  a  solid  dielectric 
cable  is  related  to  the  dielectric  con¬ 
stant  and  the  velocity  in  free  space 
by  the  relation 


where  e  is  the  velocity  of  propaga¬ 
tion  in  free  space  and  v  is  the  ve¬ 
locity  of  propagation  in  the  cable. 
For  polyethylene  insulated  cables 
the  statistical  average  of  the  ratio 
r/c  is  0.663.  The  velocity  of  propa¬ 
gation  and  the  dielectric  constant 
can  be  calculated  by  finding  the  res¬ 
onant  frequency  of  a  known  length 
of  cable  open-circuited  at  the  far 
end. 

The  time  in  microseconds  per 
foot  for  a  wave  to  travel  through  a 
cable  can  be  determined  from  Eq. 
3,  4,  and  7 


FIG.  1 — Nomograph  giving  chaTactariittc  Impodanca  ol  polyathylana-dialactric  singla 
coaxial  lino.  For  solid  innar  conductor,  road  onswor  on  righthond  portion  oi  cantor 
scale;  for  strondod  innar  conductor,  use  maximum  outer  diameter  on  conductor  scale  at 
right  and  read  answer  on  lefthand  portion  oi  center  scale 


doctors  change  their  positions  rela¬ 
tive  to  the  shield  there  is  less  ten¬ 
dency  to  unbalance  than  in  the  par¬ 
allel-conductor  arrangement  where 
it  is  possible  for  one  conductor  to  be 
closer  to  the  shield  for  the  entire 
length  of  the  line. 

The  design  of  the  unshielded 
twin-conductor  parallel  transmis¬ 
sion  line  which  is  used  for  dipole 
tran.smitting  and  receiving  an¬ 
tennas  is  based  upon  a  certain 
amount  of  actual  experience.  Satis¬ 
factory  results  have  been  obtained 
with  the  relation 


where  Q  =  h/D  and  v  —  h/d,  and 
h  is  the  center-to-center  spacing  of 
the  conductors.  This  line  has  one 
primary  disadvantage  in  that  it  is 
only  flexible  at  right  angles  to 
the  plane  through  the  two  parallel 
wires.  Any  attempt  to  bend  it  in 
another  direction  will  damage  the 
conductors  or  the  di^ectric.  This 
difficulty  has  been  overcome  by 
separately  insulating  each  con¬ 
ductor  to  a  diameter  equal  to  the 
desired  center-to-center  conductor 
spacing.  The  insulated  conductors 
are  then  twisted  and  another  extru¬ 
sion  of  dielectric  is  applied  to  ob¬ 
tain  the  final  circular  cross-section. 
This-  hot  only  improves  the  flexibil¬ 
ity  of  the  line  but  also  improves  the 
balance  characteristic  by  providing 
a  closer  tolerance  on  the  conductor 
spacing.  Moreover,  since  the  con- 


Bolancad  Lines 

Whenever  it  is  desirable  to  trans¬ 
mit  power  from  a  balanced  source, 
neither  side  of  which  is  grounded, 
the  balanced  line  is  used  instead  of 
the  coaxial  line. 

Two-conductor  shielded  lines  are 
designed  for  a  specified  character¬ 
istic  impedance  in  accordance  with 
the  following  relation 


Z,  -  120  j  cosh  -»  h/d  (10) 

where  h  is  the  center-to-center  spac¬ 
ing  of  the  conductors,  d  is  the  ef¬ 
fective  conductor  diameter,  and 
v/c  is  as  defined  in  Eq.  7.  The  value 
of  v/e  was  determined  from  meas- 
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urements  of  actual  lines  as  68,  70, 
and  8l'  percent  for  75, 100,  and  SOO* 
ohm  lines  respectively  at  100  me. 

When  an  extremely  high  degree 
of  electrical  balance  is  required,  two 
coaxial  lines  are  enclosed  in  a  com¬ 
mon  braid.  The  characteristics  of 
each  coaxial  are  determined  by  pre¬ 
cise  measurements  before  the  lines 
are  assembled  under  the  common 
braid  and  jacket.  The  characteristic 
impedance  of  twin  coaxial  lines  is 
the  sum  of  the  impedances  of  the 
individual  coaxial  units. 

Lew-Capaeifaiic*  Lines 

r'or  certain  applications,  capaci¬ 
tance  lower  than  normally  possible 
with  solid-dielectric  materials  is  re¬ 
quired.  Coaxial  lines  insulated  with 
polyethylene  are  .  usually  made 
with  impedances  ranging  from  30 
to  160  ohms.  The  capacitance  of  a 
160-ohm  line,  obtained  from  Eq.  6, 
is  16.6  fifiS  per  foot.  The  ratio  of 
dielectric  diameters,  obtained  from 
Eq.  6,  is  nearly  43  to  1.  If  No.  22 
AWG  solid  conductor  is  used  for 
this  cable,  the  dielectric  diameter 
would  be  1.08  inches. 

If  the  effective  dielectric  constant 
is  reduced  by  replacing  part  of  the 
dielectric  material  with  air,  it  is 
possible  to  obtain  capacitances  be¬ 
low  10  nfif  per  foot.  This  is  accom¬ 
plished  by  wrapping  a  thread  of 
polyethylene  or  other  low-loss  mate¬ 
rial  around  the  inner  conductor 
with  a  long  lay  and  extruding  a 
tube  of  polyethylene  over  the  spiral. 
The  polyethylene  thread  supports 
the  tube  and  also  centers  the  con¬ 
ductor.  A  capacitance  of  10  /t/if  per 
foot  can  be  obtained  with  a  diam¬ 
eter  ratio  of  11  to  1. 

Delay  Lines 

The  time  delay  of  solid  dielectric 
lines  is  often  used  as  a  timing  or 
calibrating  device  in  radio  applica¬ 
tions,  especially  radar  and  tele¬ 
vision.  However,  when  a  greater 
delay  than  that  possible  with  the 
usual  coaxial  line  is  required,  it  is 
necessary  to  employ  especially  con¬ 
structed  lines  referred  to  as  delay 
lines. 

The  delay  line  is  exactly  similar 
in  appearance  and  construction  to 
the  usual  coaxial  line  except  that 
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the  inner  conductor  consists  of  an 
insulating  core  around  which  a 
spiral  of  insulated  wire  is  wrapped. 
The  inductance  of  a  single-layer 
coil  is  then 

L  -  3  06  X  10-»  T*  n*  a*  (11) 

where  n  is  the  number  of  turns  per 
inch  and  a  is  the  diameter  of  coil 
between  wire  centers,  in  inches. 
The  inductance  of  the  line  is  thus 
increased  while  the  capacitance  re¬ 
mains  essentially  the  same. 

Time  delay  T  in  microseconds  per 
foot,  which  is  the  reciprocal  of  the 
velocity  of  propagation,  can  be  com¬ 
puted  from  L  and  C 


7  =  ^lL(J 


4.76  X  \0r*  rn  a  ^lk 


(12) 


V  logio  (D/d) 

Since  the  inductance  of  the  line 
has  been  increased,  it  follows  that 
the  characteristic  impedance  has 
also  been  increased.  From  Eq.  2  the 
characteristic  impedance  becomes 


Zd 


V 


r  64.5  TM  a  , _ 

p  -  Vlo&o  (D/d) 


(13) 

It  is  possible  with  this  construc¬ 
tion  to  obtain  impedances  greater 
than  1,000  ohms  without  increasing 
the  size  of  the  line  beyond  practical 
limits. 

A  high-impedance  line  is  often 
required  in  video-frequency  trans¬ 
mission  when  it  is  desired  to  drive 
a  terminated  line  from  a  high-im- 
pedance  source. 

AttenHation  and  Power  Rating 

Attenuation  determines  the 
length  of  line  that  can  be  employed 
and  its  power-handling  capacity. 
The  total  attenuation  of  a  line  is 
due  to  the  losses  in  the  inner  and 
outer  conductors  and  the  loss  in  the 
dielectric.  The  attenuation  in  db 
per  100  feet  due  to  the  copper  loss 
is  expressed  by  the  relation: 

.4e  =  4.35«</Zo  (14) 

where  R,  is  the  total  high-frequency 
resistance  of  the  inner  and  outer 
conductors  in  ohms  per  100  feet. 
For  solid  copper  conductors 

"■-“  '(i  +  i) 

where  d  is  outer  diameter  of  inner 
conductor  in  inches,  D  is  inner  di¬ 
ameter  of  outer  conductor  or  di¬ 
electric  in  inches,  and  F  is  fre¬ 
quency  in  me. 


For  other  than  solid  copper  inner 
and  outer  conductors,  such  as 
stranded  inner  conductors  and 
braided  outer  conductors,  other  fac¬ 
tors  must  be  introduced  to  compen¬ 
sate  for  the  effects  of  spiralling, 
proximity,  and  contact  resistance. 
Equation  15  then  becomes 

K. -0.1  VF  (16) 

and  the  total  copper  loss  in  db  per 
100  feet  becomes 

where  E,  and  E,  are  multiplying 
factors  that  are  determined  by  the 
construction  of  the  conductors  and 
are  also  variable  with  frequency.  It 
is  necessary  to  combine  experience 
with  experimental  data  to  estimate 
their  magnitude  in  connection  with 
actual  design  of  various  types  of 
cables. 

The  attenuation  in  db  per  100 
feet  due  to  the  dielectric  is  depend¬ 
ent  upon  the  frequency,  dielectric 
constant,  and  power  factor  of  the 
material 

.4rf-2.78  yJkpF  (18) 

where  p  is  power  factor  of  dielec¬ 
tric,  k  is  dielectric  constant  of  di¬ 
electric,  and  F  is  frequency  in  me. 
The  total  attenuation  in  db  per  100 
feet  is  then  the  sum  of  Eq.  17  and 
18. 

^ 

(1!) 

The  power  rating  of  a  cable  is  a 
function  of  the  maximum  temper¬ 
ature  which  the  insulation  can 
safely  withstand.  The  power-han¬ 
dling  capability  of  the  cable  is  lim¬ 
ited  by  the  rate  at  which  the  cable 
can  dissipate  the  heat  due  to  the 
copper  and  dielectric  losses  and  the 
rate  at  which  the  heat  is  generated 
internally.  The  first  depends  upon 
the  diameter  of  the  cable,  the  color, 
texture,  and  materials  of  the  jacket, 
paint,  or  armor,  and  the  ambient 
temperature.  The  second  depends 
on  the  dimension  and  construction 
of  the  conductors,  the  dielectric  ma¬ 
terial,  and  the  frequency,  among 
other  factors. 

The  amount  of  heat  which  flows 
radially  from  the  components,  con¬ 
ductors,  dielectric,  and  braid  will 
depend  upon  the  temperature  gra- 
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dient,  the  thermal  resistances  of 
the  dielectric  and  jacket,  and  the 
thermal  resistance  of  the  jacket 
surface  to  air  (jacket  emissivity). 
The  relation  for  power  input*  is 


where 


18  maximum 


average 

power  input,  T,  is  maximum  tem¬ 
perature  in  degrees  F  that  the  di¬ 
electric  can  withstand,  T,  is  ambient 
temperature  in  degrees  F,  t,  is 
thermal  resistance  of  dielectric,  t, 
is  thermal  resistance  of  jacket,  t. 
is  thermal  resistance  of  jacket  sur¬ 
face  to  air.  A,  is  attenuation  due  to 
inner  conductor,  in  nepers  per  inch, 
.4*  is  attenuation  due  to  dielectric 
in  nepers  per  inch,  and  A,  is  total 
attenuation  of  the  cable  in  nepers 
per  inch. 

For  accuracy,  values  used  for 
attenuation  should  be  corrected  to 
include  the  effects  of  temperature 
rise  and  any  mismatch  that  may 
occur. 

In  view  of  the  .safety  factor  that 
is  required  in  power  rating,  the  fol¬ 
lowing  equation*  for  input  power  P 
has  been  found  quite  useful  and 
easy  to  handle 

K,(K,  +  GI).) 


where  Kt  is  435  for  black  vinylite 
jackets  and  326  for  grey  vinylite  or 
armored  cables,  K,  is  3  for  50-ohm 
cables  and  2.6  for  75-ohm  cables,  A 
is  attenuation  in  db  per  100  feet, 
and  D,  is  outer  diameter  of  cable  in 
inches.  This  relation  is  based  on  a 
maximum  temperature  of  80C  at  Since  the  characteristic  imped-  cables  having  No.  30  AWG  braid  at 
the  surface  of  the  inner  conductor  ance  is  specified  as  70  ohms,  the  100  me,  and  using  a  value  of  3  x 

and  an  ambient  temperature  of  ratio  of  D/d  is  fixed  and  equal  to  10"^  for  dielectric  power  factor  p 
20C.  5.75,  as  can  be  determined  from  Eq. 

If  the  ambient  temperature  is  5  as  follows 
higher  than  20C,  the  power  rating 
of  the  cable  is  reduced ;  conversely, 
if  the  ambient  is  lower,  the  rating 
is  increased.  The  results  of  Eq.  21 
can  be  corrected  by  the  nomograph 
shown  in  Fig.  2. 

Typical  Design  Problem 

Required:  A  70-ohm  coaxial  cable 
to  transmit  7.6  kw  of  100-mc  power 
at  an  ambient  temperature  of  30C. 

The  dielectric  material  selected  is 
polyethylene  with  a  dielectric  con¬ 
stant  k  of  2.26,  and  the  available 
jacket  material  is  black  vinylite. 


FIG.  2— Nomograph  giring  power  roting  at  ony  ambient  temperature  when  rating 
for  one  temperature  it  known.  Values  ore  based  on  maximum  inner  conductor  tem¬ 
perature  of  80C.  Place  straightedge  on  known  Talues  of  power  and  temperature, 
mark  intersection  with  center  Tertical  scale,  rotate  straightedge  about  this  intersection 
to  new  temperature  xalue.  and  read  new  power  rating  on  lefthond  scale 


70  Vo  .  182  ’ 

2  78  (1  5)  3  X  10-*  (100) 

=  0.584  db  per  100  feet 

From  Eq.  21  the  power  rating  at 
20C  is  determined  as 

„  43.5(2  5  +  9  6)  .. 

- 0:584 - O-OISwau. 

The  power  rating  at  30C,  ob¬ 
tained  from  the  nomograph  in  Fig. 
4,  is  then  7,500  watts. 


Arbitrarily,  a  No.  5  AWG  solid 
inner  conductor  is  selected.  Here  d 
is  0.182  inch,  so  that  dielectric  di¬ 
ameter  D  becomes  1.05  inch.  Using 
a  typical  thickness  value  of  0.225 
inch  for  the  braid  and  0.05  inch 
(50  mils)  for  the  jacket,  the  over¬ 
all  outside  diameter  D,  becomes  1.6 
inch.  From  these  values  the  attenu¬ 
ation  and  power  rating  can  be  cal¬ 
culated  by  using  Eq.  19  and  21,  as¬ 
suming  values  of  1  for  i?,  and  2  for 
Rt  based  upon  experience  with 


(1)  L.  C.  Swickpr,  npcommenUpd  Vsliips 
of  Thermal  Constanta  for  I’se  in  Kstlmnting 
the  Thermal  rharaeterlstiea  anil  Power 
Katinx  of  Varioua  Culilva,  Navy  Re|Mirt — 
Case  24893. 

(2)  Hevlaeil  by  F.  A.  Muller  of  Federal 
Teleeommunications  Laboratories,  R-17. 
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Compact  tuned  amplifier  designed  for  use 
with  bolometer  dr  crystal  microwave  de¬ 
tectors  uses  high-Q  toroid  coils  to  obtain 
narrow  pass  band  and  high  gain.  Sensitivity 
approaches  thermal  noise  and  gain  is  ade¬ 
quate  for  use  with  a  suitable  voltmeter  ■ 


Bolometei  Amplifiei 


A  STANDARD  arrangement  for 
detecting  microwave  signals 
makes  use  of  a  bolometer  or  crystal 
detector  whose  output  is  fed 
through  an  amplifier  and  thence  to 
a  voltmeter.  Crystals  permit  the 
use  of  an  unmodulated  source  of 
microwave  energy ;  then  modulation 
usually  is  inserted  at  the  amplifier 
input  before  amplification.  In  case 
a  modulated  source  is  used,  the 
crystal  or  bolometer  output  can  be 
coupled  to  an  audio  amplifier.  The 
amplifier  described  was  specifically 
designed  for  use  with  modulated 
signals. 

The  principal  requirements  for 
such  an  amplifier  are:  linear  re¬ 
sponse  over  the  full  range  of  am¬ 
plitudes  to  be  handled;  adequate 
gain;  minimum  noise  level. 

The  first  of  these  requirements  is 
easily  fulfilled  over  a  voltage  range 
of  80  db  with  standard  design  prac¬ 
tice  and  adequate  plate  voltage. 
Likewise,  the  proper  number  of 
stages  of  amplification  will  furnish 
suflScient  gain  to  drive  any  volt¬ 
meter.  The  fundamental  limitation 
rests  in  the  noise  level. 

In  designing  the  present  ampli¬ 


fier  several  precautions  were  taken  tap  connection  to  the  tube  plate.  An 
to  minimize  the  noise  level.  Band-  increase  in  gain  of  some  5  db  per 
pass  amplifiers  have  long  been  used  stage  is  obtained  by  connecting  the 
for  this  purpose;  usually  an  RC  plate  to  the  top  of  the  toroid.  The 
network  serves  to  peak  the  ampli-  pass  band  then  appears  to  be  very 
fier  response.  As  may  be  seen  on  slightly  increased.  Since  the  am- 
the  circuit  diagram  in  Fig.  1,  the  plification  is  adequate,  the  center 
response  of  the  amplifier  described  tap  was  used  in  this  instance, 
is  determined  by  a  tuned  load  in  A  further  reduction  of  band- 
each  plate  circuit  Toroids  with  width  may  be  obtained  by  inserting 
Polyiron  cores  are  used  as  indue-  more  tuned  circuits.  However,  this 
tors.  Several  advantages  accrue  approach  imposes  severe  frequency 
from  this  design.  stability  requirements  on  the  modu¬ 

lator  of  the  source  without  a  com¬ 
mensurate  improvement  in  the 

In  the  first  place,  the  toroids  noise  level.  The  rms  noise  voltage 
have  a  high  Q  of  60  which  yields  a  from  a  resistance  R  at  an  absolute 
very  narrow  pass  band  with  the 
simplest  circuit.  The  frequency 
response  of  the  amplifier  is  shown 
in  Fig.  2.  The  large  effective  plate 
load  also  permits  full  utilization  of 
the  tube  gain.  Toroids  are  insen¬ 
sitive  to  outside  fields;  hence  no 
particular  precautions  need  be 
taken  in  mounting  them.  The  cir¬ 
cuit  with  constants  as  shown  in  the 
diagram  yields  a  voltage  gain  of  107 
db  with  a  pass  band  as  shown  of 
less  than  20  cycles  at  1.09  kc. 

The  circuit  given  uses  a  center- 


Teroid  Plot*  liidMctors 


Table  I — Amplifier  Performance 
Data 
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Type  of  input  Noise  Level  in  db 

(0  db  1  volt) 

Short  Circuit 

-160  db 

Bolometer  (10  mu  Littel- 
fuse)  carrying  10  ma 

-15.')  db 

Crystal  (1N21B) 

-145  db 

Gain 

107  db 

Maximum  Output 

100  V 

f 
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H  FIG.  1 — Toned  plate  load  drcuite  use  to- 
^  roid  inductors  hoTing  Polyiron  cores.  The 
^  reloy  ot  the  left  disconnects  the  bolometer 
I  bottery  circuit  when  the  tube  filaments 
are  turned  off 

! 

FIG.  2  —  Amplifier  frequency-response 
cunre  shows  a  bandwidth  of  less  thon 
twenty  cycles  at  a  point  3  db  down  from 
maximum  response.  This  high  selectieity 
i  rMults  from  the  use  of  the  high-Q  toroids 

i- - 

j  temperature  T  is  given  by 
1  7=7  '.1  v  10'’*(rRA/)»  where  A/  is 

i  ■  the  frevj  mncy  band.  The  square- 
[  root  term  I-i  the  formula  shows  that 
I  *  a  reduction  in  band  from,  say,  two 
I  percent  to  one  percent  is  relatively 
1  unprofitable.  On  the  other  hand  it 
is  essential  that  the  band  exclude  60 
\  cycles  and  its  principal  harmonics. 

Having  eliminated  noise  sources 
4  outside  the  chosen  frequency  band, 
T  it  remains  to  reduce  contributions 
I  at  the  modulation  frequency.  Since 
I  bolometers  require  a  d-c  source,  the 
\  input  circuit  is  complicated  by  the 
^  presence  of  a  battery  and  milliam- 
1  meter.  As  shown  in  Fig.  1,  a  relay 
is  also  provided  to  open  the  bat¬ 
tery  circuit  when  the  tube  filaments 
are  switched  off.  It  was  found  that 
a  l,000-/yif  capacitor  in  parallel  with 
these  components  reduces  the  noise 
■  level.  Leads  in  the  input  circuit  are 
j  kept  short,  shielded,  and  close  to 
I  the  chassis.  This  last  precaution 
j  minimizes  ground  loops  in  the  low- 
impedance  input  circuit. 

The  only  resistor  in  the  input  cir¬ 
cuit  is  in  the  cathode  of  the  first 
stage.  Its  value  is  not  critical  but 
it  must  be  wire-wound.  Carbon  re¬ 


sistors  carrying  current  become 
noisy  after  a  period  of  service. 

Elimination  of  Microphoniei 

Another  difficulty  inherent  in  a 
high-gain  tuned  system  is  that  of 
microphonic  resonances.  A  particu¬ 
larly  effective  tube  shield  against 
microphonic  resonances  is  used  in 
this  amplifier.  Instead  of  screwing 
a  shield  can  over  the  shock-mounted 
tube,  the  shield  forms  an  integral 
part  of  the  metal  tube.  This  con¬ 
struction  is  accomplished  by  filling 
in  the  space  between  the  tube  en¬ 
velope  and  shield  can  with  Wood’s 
metal.  The  resulting  heavy  unit  is 
extremely  insensitive  to  microphon¬ 
ics.  The  low  melting  point  of  the 
metal  filler  makes  tube  changes  rela¬ 
tively  easy. 

The  particular  unit  described  is 
designed  for  use  with  a  Ballantine 
voltmeter.  In  this  service  the  per¬ 
formance  data  are  given  in  Table  I. 

The  resistance  of  the  bolometer 
is  roughly  200  ohms.  Taking  the 
operating  temperature  as  400  K  and 
substituting  in  the  equation,  one 
obtains  a  value  of  noise  approxi¬ 
mately  equal  to  10'*  volt  Evidently 


the  theoretical  limit  of  performance 
has  been  approached.  Comparison 
with  a  thermistor  bridge  and  cali¬ 
brated  attenuator  indicates  that 
the  minimum*  detectable  microwave 
power  at  3000  me  is  of  the  order  of 
lO'*  watt  for  the  bolometer.  The 
crystal  is  substantially  more  sensi¬ 
tive,  of  course. 

Measurements  were  made  of  the 
amplifier  output  as  a  function  of 
microwave  input  to  a  bolometer. 
For  this  purpose,  an  attenuator  was 
used  which  consisted  of  a  wave¬ 
guide  operated  beyond  its  cutoff 
frequency  and  calibrated  in  terms 
of  a  Ballantine  voltmeter.  From  the 
measurements  obtained,  amplifier 
output*  was  found  to  vary  linearly 
with  bolometer  input. 

Various  noise  levels  were  meas¬ 
ured  with  a  0  to  1-ma'  recording 
milliammeter.  This  measurement 
was  made  by  coupling  the  a-c  out¬ 
put  of  a  Ballantine  meter  to  the  re¬ 
corder  through  a  copper-oxide 
bridge  rectifier.  With  the  amplifier 
input  short-circuited  and  carrying 
no  current,  the  noise  level  at  the 
input  was  found  to  be  about 
0.6x10  *  volt.  This  voltage  re¬ 
mained  practically  unchanged  when 
a  direct  current  of  10  ma  flowed 
through  the  short-circuited  input. 
When  a  bolometer  carrying  no  cur¬ 
rent  was  connected  to  the  amplifier 
input,  the  noise  increased  to  about 
1.0  X  lO"*  volt.  Noise  of  about  1.4  X 
10  *  volt  was  measured  when  the  bo¬ 
lometer  carried  10  ma. 

Considerable  improvement  in  the 
signal-to-noise  ratio  is  obtainable 
with  adequate  rapidity  of  response 
for  most  applications  through  the 
use  of  several  microfarads  of  shunt 
capacitance. 

The  presence  of  a  signal  increases 
the  apparent  noise,  hence  the  volt¬ 
age  levels  given  above  were  meas¬ 
ured  with  the  aid  of  an  attenuator 
in  the  output  circuit.  A  signal  of 
10*’  volt  is,  however,  well  above 
the  noise  on  the  meter,  or  on  the 
recorder  using  no  shunt  capacitor. 

The  research  reported  in  this 
document  was  made  possible 
through  support  extended  Cruft 
Laboratory,  Harvard  University, 
jointly  by  the  Navy  Department, 
Office  of  Naval  Research,  and  the 
Signal  Corps,  U.  S.  Army  under 
ONR  Contract  N6ori-76,  T.  0.  I. 
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GRAZING  ANGLE 


( A)  6RAZt^6  ANGLE  tj},  IN  DEGREES 


WE  shall  now  consider  the 
characteristics  of  the  reflec¬ 
tion  coefficient,  r  =  p  as  ex¬ 
pressed  by  Fresnel’s  equations  for 
specular  reflection  of  a  plane  wave 
from  a  plane  surface.  If  c  is  the 
dielectric  constant  of  the  earth  o  is 
its  conductivity  in  mhos  per  meter 
and  X  is  in  meters,  and  if 
|(  —  y60X«r|«  1,  then  r  is  given 
approximately  by 


— Phaie  (A)  and  magnitude  (B)  of  reflection  coefficient  os.  a  function  of  graiinq 
angle  for  a  smooth  sea.  The  phase  curres  are  for  Tertical  polarisation 


dence  (^t  =  0)  the  two  polariza-  ance  as  wavelength  is  decreased  or 
tions  behave  alike;  all  the  inci-  grazing  angle  is  increased, 

dent  radiation  is  reflected  and  The  maximum  and  minimum 
is  retarded  in  phase  by  « ;  thus  r  values  of  field  strength  in  the  inter- 
=  —  1  and  the  field  is  zero  at  the  ference  pattern  are  a  measure  of  p. 
surface.  This  is  true  as  long  as  c  If  the  antenna  pattern  is  so  broad 
and  9  remain  finite,  but  if  o  is  that  it  can  be  neglected,  and  if  the 
assumed  to  be  infinite  r  =  -f  1  for  lobe  spacing  is  so  small  that  p  does 
all  \lit.  Thus  the  assumption  that  T  not  change  appreciably  between 
=  -1-  1  is  not  justified  for  the  micro-  adjacent  maxima  and  minima,  Eq. 
wave  region.  22  (Part  I)  gives 

For  relatively  long  wavelengths 
— say  1  meter  or  longer — the  as¬ 
sumption  of  a  smooth  earth  surface 
is  reasonably  valid,  as  attested  by 
the  large  amount  of  practical  data 
from  meter- wave  radar.  As  the 
wavelength  becomes  shorter,  how¬ 
ever,  roughness  of  the  surface  be¬ 
comes  more  important  than  *  and  o  eral  methods, 
in  determining  the  amount  of  spec-  obtained  by  f 
ular  reflection  obtained;  the  tend-  stant  altitud< 
ency  is,  of  course,  toward  diffuse  ence  pattern 
scattering,  which  does  not  produce  the  sea  shoi 
a  well-defined  interference  pattern,  means  of  mej 
No  accurate  method  for  determin-  roughness  pi 
ing  the  effects  of  roughness  is  tative  statem 
known,  but  an  estimate  can  be  ob-  points  is  beli 
tained  from  a  criterion  suggested  to  reflection 
by  Lord  Rayleigh.  If  h  is  the  rough  wave 
height  of  a  surface  irregularity,  the  “fill  up”  th 
surface  tends  to  give  specular  re-  and  c 

flection  if  h  sin  <  X/8,  and  tends  value  of  p  to 
to  give  diffuse  reflection  if  the  in-  ticularly  tru( 
equality  sign  is  reversed.  Although  zation,  becai 
not  pretending  to  numerical  accur-  direct  and  n 
acy,  this  criterion  predicts  the  cor-  out  of  phas( 
rect  trend,  showing  that  surface  equal  in  m; 
irregularities  increase  in  import-  small  “stray 
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r*  - 

sin  +  V«  —  jGOXo  ' 

(28) 

where  v  and  h  denote  vertical  and 
horizontal  polarization,  respect¬ 
ively.  It  is  well  known  that  for 
soil  c  and  o  vary  widely  in  a  rather 
unpredictable  manner,  and  we  shall 
not  attempt  to  discuss  these  varia¬ 
tions  here;  but  for  sea  water  the 
variations  are  smaller  and  the 
values  are  more  definitely  known. 
Fig.  7  shows  p  and  <f>  as  given  by 
Eq.  27  and  28,  for  sea  water,  using 
the  best  data  available.  The  strik¬ 
ing  feature  of  these  figures  is  the 
slight  dependence  of  p  and  <l>  on 
wavelength  and  grazing  angle  for 
horizontal  polarization,  as  con¬ 
trasted  with  the  marked  depend¬ 
ence  for  vertical  polarization.  For 
the  latter,  p.  experiences  a  mini¬ 
mum  at  the  complement  of  Brew¬ 
ster’s  polarizing  angle  familiar  in 
optics,  and  <f>,  undergoes  its  most 
rapid  change.  The  phase  lag  </>»  is 
not  shown,  as  it  increases  over  180° 
by  less  than  1°.  It  is  important 
to  notice  that  at  grazing  inci- 


Measurements  of  relative  field 
strength  in  the  maxima  and  mini¬ 
ma  thus  afford  an  experimental 
means  of  determing  p.  Such  meas- 
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VERY  SHORT  WAVES 


This  concluding  installment  treats  the  effect  of  surface  reflections,  two-way  propagation 
typical  of  radar  applications,  and  the  variations  caused  hy  atmospheric  refraction 


=1  trol  and  determines  Fmm-  Similar 
J  results  were  obtained  concurrently 
*  on  3  cm. 

Corresponding  measurements 
over  land  show  that  most  terrain 
produces  diffuse  scattering  of  10- 
and  3-cm  waves,  and  no  well-defined 
interference  pattern  exists.  Im- 
I  portant  exceptions  are  airport  sur- 
'  faces,  fiat  desert  country,  and  the 

(like,  which  are  often  sufficiently 
smooth  to  give  efficient  specular  re¬ 
flection.  Radar  experience  on 
meter  waves  indicates  that  a  de¬ 
pendable  interference  pattern  can 
I  be  obtained  if  sufficient  care  is  ex- 
]  ercised  in  the  choice  of  the  site. 

Propagation  in  Radar  Problems 


—By  DONALD  E.  KERR-^ 

Research  Laboratory  of  Eleotronioo 
M aoaachaaett*  Institute  of  Technology 
Cambridge,  Maas. 


that  P,  depends  in  the  same  way  on 
all  corresponding  variables  except 
for  range  and  antenna  pattern 
function. 

The  free-space  radar  detection 
range  may  be  found  directly  from 
Eq.  31,  setting  fiO,  <f>)  =  1,  and  P, 


flo  - — 

VP«<-4irl(4r 


Another  numerical  example  is  of 
interest.  Assume  that  a  10-cm 
radar  system  transmits  a  peak 
power  of  100  kw,  the  minimum  use¬ 
ful  received  power  is  10  "  watts, 
the  antenna  is  identical  with  that 
given  in  the  example  (Part  I),  and 
the  target  cross-section  is  20rt  sq. 


meters.  Equation  32  indicates  a 
free-space  range  of  about  60  km,  or 
37  miles.  (Had  this  radar  system 
been  used  as  a  one-way  communica¬ 
tions  system  its  free-space  range 
would  have  been  almost  one  million 
miles.) 

The  modification  of  the  free- 
space  radar  equation  to  include  the 
effects  of  the  earth  and  atmosphere 
may  be  made  easily  for  a  point 
target  in  a  manner  analogous  to 
that  employed  for  one-way  trans¬ 
mission.  The  antenna  pattern  func¬ 
tion  is  replaced  by  F,  giving 

(4r)*  H* 

Unfortunately  this  treatment  is 


(29)  I  ^ 
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Extension  of  the  above  results  to 
radar  requires  introduction  of  the 
effective  scattering  cross-section  of 
the  target,  «.  It  is  defined  for  free- 
space  conditions  as  the  area  inter¬ 
cepting  that  amount  of  incident 
energy  which,  if  scattered  isotropi¬ 
cally,  would  give  an  echo  equal  to 
that  from  the  target.  That  is, 

=  4»R*|s,/Si|  (30) 

where  S,  and  S,  are  the  incident 
and  reflected  values  of  the  Poynting 
vector.  The  value  of  S,  is  given  by 
Eq.  2  (Part  I),  S,  =  oS,/(4«P*), 
and  the  received  power  P,  =  S,A/,* 
(9.  =  S,GX7r*  (6,  <^)/4x.  Com¬ 

bining,  we  have  the  radar  trans¬ 
mission  equation  for  free  space 


P  P  f*(e.^) 

'  ‘  (4t)*  R* 


(31) 


where  identical  transmitting  and 
receiving  antennas  are  assumed. 


Comparison  of  this  expression  with 
the  parallel  expression  for  one-way 
transmissicm,  Eq.  7,  (Part  I)  shows 


FIG.  8 — Mooturad  voluaa  oi  rafloction  coafiiciant  ovar  mo  watar  at  10  cm.  with  horl- 
MDtal  (A)  and  ▼•rticol  (B)  polarizotlon.  Lines  show  theoretical  valuea  ior  smooth  sea 
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pared  from  the  equation  R  —  R^F 
jusjt  as  for  one-way  transmission, 
and  the  region  enclosed  by  the  dia¬ 
gram  is  that  inside  which  the  tar¬ 
get  is  detectable  with  the  degree  of 
certainty  agreed  upon.  Useful 
values  of  o  for  wavelengths  of  10  or 
3-cm  range  from  under  100  sq  ft 
for  small  aircraft  to  roughly  700 
sq  ft  for  heavy  bombers. 

An  additional  complication  en¬ 
ters  if  a  target  with  appreciable 
height  such  as  a  ship  is  very  near 
the  earth’s  surface,  because  of  the 
variation  of  the  incident  held  with 
position  on  the  target.  Assuming 
a  plane  earth  with  r  =  —  1,  this 
variation  is  given  by  Eq.  12  (Part 
I).  If  the  target  were  “lumped”  at 
a  height  then  Eq.  33  would  give 

{-Ta) 

and  for  sufficiently  small  values  of 
the  argument  of  the  sine  function 

It  is  found  experimentally  with 
microwave  radar  at  low  altitudes 
that  if  appropriate  care  is  exercised 
in  treating  the  rapid  fluctuations  of 
echo  strength,  a  ship  echo  varies  on 
the  average  as  1/R*  out  to  some 
reasonably  well  deflned  range,  be¬ 
yond  which  it  varies  roughly  as 
l/iT,  and  in  many  practical  cases 
falls  below  the  detection  limit  while 
varying  according  to  this  law. 
Such  behavior  would  be  expected 
from  a  point  target  at  a  flxed 
height  above  a  plane  earth,  from  a 


in  reality  not  as  simple  as  it  ap¬ 
pears  at  flrst  glance,  because  9  is 
only  a  convenient  mathematical  fic¬ 
tion  for  any  but  the  simplest  of 
targets.  The  simplest  target  is  a 
perfectly  conducting  sphere,  for 
which  9  is  essentially  the  geometri¬ 
cal  cross  section,  xr*^  for  r/X 
greater  than  about  4.  Most  targets 
consist  of  a  large  number  of  scat¬ 
tering  surfaces,  the  refiections  from 
which  interfere  and  cause  the  echo 
to  fluctuate  in  amplitude  over  wide 
limits  with  Small  changes  in  target 
aspect.  This  effect  becomes  more 
pronounced  as  the  ratio  of  object 
size  to  wavelength  increases.  The 
microwave  scattering  pattern  from 
an  aircraft,  for  instance,  contains 
a  very  large  number  of  flne  lobes  in 
the  solid  angle  4ic;  consequently  the 
echo  fluctuates  very  rapidly  and  the 
radar  is  likely  not  to  “see”  the  tar¬ 
get  every  time  it  scans  the  region  of 
the  target  if  the  scan  rate  is  rapid. 
(This  echo  fluctuation  is  in  addi¬ 
tion  to  that  arising  from  the  pa.s- 
sage  of  the  aircraft  into  and  out  of 
the  lobes  of  the  interference  pat¬ 
tern.)  As  a  result  it  is  necessary 
to  establish  arbitrary  definitions  of 
9  appropriate  to  the  type  of  target, 
radar,  method  of  display  of  data, 
the  minimum  allowable  percentage 
of  “hits,”  and  many  other  paramet¬ 
ers.  Once  these  conventions  are 
established  numerical  values  for  u 
can  be  obtained  which  allow  estima¬ 
tion  of  performance  by  Eq.  32. 
Subject  to  these  limitations,  radar 
coverage  diagrams  may  be  pre- 


SLOPC  FOR  STANDARD 
REFRACTION - 1 


MODIFIED  INDEX 


FIG.  9 — Id»aUnd  modified  index  proiilM:  A,  aubstemdard  auriac*  layer;  B,  atandard 
refraction;  C.  auperatondord  auriace  layer:  D,  aome  oa  C  with  aurface  duct;  E,  eie> 
▼oted  auperatondord  aurfoce  layer  with  aurfoce  duct:  F,  aome  oa  E  with  elerated  duct; 
G,  aurface  and  eleroted  auperatondard  loyera  with  ducta.  In  each  caae,  the  duct 
extenda  from  a  to  b.  ond  a"  to  b' 


vertical  flat  sheet,  and  from  certain 
other  simple  models.  The  actual 
values  of  9  are  not  constant,  but 
vary  with  radar  height,  target  size 
and  aspect,  wavelength,  range,  and 
other  factors;  but  by  judicious  di¬ 
vision  of  the  range  of  the  variables 
approximate  values  of  9  for  ships 
have  been  determined,  and  may  be 
used  to  obtain  estimates  of  radar 
performaruje  on  ship  targets. 


Atmospheric  Refraction 


Thus  far  the  effects  of  the  atmos¬ 
phere  have  been  neglected.  It  is 
well  known  that  the  gradual  de¬ 
crease  of  the  atmospheric  index  of 
refraction  with  increasing  altitude 
and  the  accompanying  increase  of 
phase  velocity  cause  a  slight  distor¬ 
tion  of  the  wave  front  and  a  tend¬ 
ency  for  the  waves  to  follow  the 
earth’s  curvature.  If  the  index  de¬ 
creases  essentially  linearly  with 
height  the  effect  is  as  if  the  propa¬ 
gation  occurred  over  an  earth  with 
no  atmosphere  but  with  an  effective 
earth’s  radius  greater  than  the  true 
radius.*  If  the  effective  radius  a, 
is  known  the  methods  described 
above  can  be  applied  by  substitut¬ 
ing  a,  for  the  true  radius  a.  The 
generally  accepted  value  of  a./a  is 
4/3,  giving  a,  =  5,280  statute  miles. 
The  refraction  in  this  case  is  called 
standard  refraction  and  gives  rise 
to  standard  propagation. 

Considerable  work  has  been  done 
in  an  attempt  to  discover  geograph¬ 
ical  and  seasonal  variations  of  the 
effective  earth’s  radius.  It  is  now 
clear  that  such  investigations  are 
not  particularly  significant,  how¬ 
ever,  because  when  marked  varia¬ 
tions  of  the  refractive  index  gradi¬ 
ent  occur  the  concept  of  an  effective 
earth’s  radius  loses  its  validity,  and 
other  methods  are  necessary  to  give 
a  meaningful  description  of  refrac¬ 
tion  phenomena. 

Large  variations  in  refractive  in 
dex  gradient  are  best  expressed  in 
terms  of  a  parameter  called  the 
modified  index  of  refraction,  N,  de¬ 
fined  by 


N  =  A  (1  -f-  z/a)  ^  n  f  z/a  (34) 
where  n  is  the  atmospheric  index 
of  refraction  at  the  height  z  (n  de- 


•  Schellens,  Burrows  and  Ferrell.  “Ultra 
Short  Wave  Propagation,”  J'roc  IRK  vnl 
21,  p  427,  1933. 
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parts  from  unity  by  only  about 
3  X  lO'O.  The  modification  con¬ 
sists  of  adding  the  term  z/a,  thereby 
introducing  the  curvature  of  the 
earth  into  the  refraction  problem. 
The  modified  index  is  useful  be¬ 
cause  it  permits  treatment  of  the 
complicated  problem  of  a  spherical 
earth  with  atmospheric  index  of  re¬ 
fraction  n  as  the  simpler  problem 
of  a  plane  earth  and  equivalent 
index  of  refraction  N.  It  is  also  im¬ 
portant  because  it  is  a  clearly  de¬ 
fined  boundary  between  the  meteo¬ 
rological  side  of  the  problem,  which 
takes  the  meteorologist  as  far  as 
determining  n  as  a  function  of 
height,  and  the  electromagnetic 
side,  which  begins  with  n  (or  N) 
and  concerns  the  effect  of  a  given 
variation  of  N  with  height  upon 
field  strength.  Neither  phase  of 
the  problem  can  be  given  in  detail 
here,  but  a  few  of  the  most  impor¬ 
tant  features  and  some  interesting 
practical  results  may  be  outlined. 

The  absolute  value  of  n  is  not  im¬ 
portant,  but  the  vertical  gradient  of 
n  or  N 
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determines  the  characteristics  of 
the  propagation.  In  the  absence  of 
atmospheric  stratification  dnidz  is 
essentially  independent  of  z,  and 
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When  dnfdz  varies  with  z, 
marked  transmission  abnormalities 
are  likely  to  occur  and  give  rise  to 
nonstandard  propagation.  (The 
term  anomalous  propagation  is  also 
frequently  employed,  but  it  has 
been  so  abused  that  it  is  avoided 
here.)  Some  basic  forms  of  N  as 
a  function  of  z,  called  modified 
index  profiles,  are  shown  in  Fig.  9. 
In  each  case  the  region  in  the  vicin¬ 
ity  of  the  atmo.spheric  “layer”  in 
which  the  slope  departs  from  the 
constant  value  for  the  remainder  of 
the  profile  is  responsible  for  trans- 
mission  vagaries. 

The  regions  marked  a—h  show 
marked  affinity  for  very  short  radio 
waves;  if  the  wavelength  is  suffi¬ 
ciently  short,  energy  may  be  guided 
for  great  distances  with  very  low 
spatial  attenuation,  and  is  often 
said  to  be  “trapped.” 

The  “trapping”  layers,  a—b  in 
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5  MILES  NORTH  OF  PROVINCETOWN,  MASS 
SURFACE  WIND  WEST  40 
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FIG.  10 — Atmospheric  sounding,  showing  Toriations  in  temperature  TOpor  pressure 
and  index  of  refraction  with  height,  taken  in  on  aircraft.  Arrows  on  baseline  indicote 
water  surface  values,  determined  by  'water  temperature 


Fig.  9,  are  also  called  “ducts”  be-  curves  shown.  (These  values  apply 
cause  of  their  wave-guiding  proper-  only  to  the  lowest  order  transmis- 
ties ;  in  fact  they  may  be  likened  to  sion  mode,  which  predominates  suf- 
a  parallel-plane  wave  guide  with  a  ficiently  far  below  the  tangent  ray.) 
leaky  top.  The  analogy  to  such  a  Figure  5  (Part  I)  shows  that  the 
wave  guide  is  useful  because:  (1)  duct  causes  the  field  strength  to  de- 
it  renders  plausible  the  increase  of  crease  very  much  less  rapidly  with 
trapping  effects  as  wavelength  de-  range  in  the  diffraction  region  than 

creases;  (2)  it  suggests  that  com-  it  does  with  standard  refraction, 

plicated  field  strength  distributions  and  Fig.  6  (Part  I)  shows  that 
may  be  formed  by  superposition  of  within  and  near  the  duct  the  height- 
a  number  of  transmission  “modes” ;  gain  function  is  distorted.  It  sug- 
and  (3)  it  illustrates  the  impor-  gests  a  reduction  of  field  strength 
tance  of  the  position  of  the  energy  above  the  duct.  When  the  height- 
source  in  determining  the  degree  gain  and  range-attenuation  func- 
of  excitation  of  the  modes.  The  tions  are  combined,  however,  the 
analogy  is  unsatisfactory  in  a  quan-  field  is  seen  to  be  enormously 
titative  investigation,  and  a  correct  stronger,  both  above  and  in  the 
analysis  requires  extension  of  the  duct,  than  with  standard  refraction, 
theory  for  the  diffraction  region  to  A  numerical  example  will  illus- 
include  the  effects  of  irregularities  trate  the  gain  in  signal  strength  at 
of  the  modified  index  profile.  It  low  heights.  Suppose  a  duct  64  ft 
yields  expressions  for  the  field  deep  occurs  over  a  10-cm  transmis- 
strength  similar  in  form  to  Eq.  24,  sion  circuit  41.5  miles  long  with  ter- 
(Part  I)  but  differing  in  detail  to  minal  heights  of  100  and  15  ft. 
express  the  trapping  effect  and  dis-  From  Eq.  25  and  26  (Part  I),  X  = 
tortion  of  field  strength  by  the  duct.  5,  Z,  =  3  and  Z,  =  0.45.  The  64-ft 
For  example,  the  broken  lines  in  duct  corresponds  to  the  middle 
Figs.  5  and  6  (Part  I)  apply  to  a  curve  in  Fig.  5  and  6  (Part  I).  Then 
modified  index  profile  of  type  D  in  20logi#F  =  201ogi(ilF(6)l  20  log,#  1 1/(3)  I 
Fig.  9  that  has  been  approximated  ^  g  = db 

by  two  straight  lines,  the  top  see-  standard  refraction,  however, 

tion  having  the  slope  corresponding 
to  standard  refraction  and  the  hot- 
tom  action  having  the  neptive  of 

this  slope.  The  height  h  of  the  increased  the  signal  level  by  50 

joint  between  the  two  lines  (called 

the  height  or  the  depth  of  the  duct)  situation  in 

\sh  ^  simple  wave  guide,  each  transmis- 

2  \  »*  /  sion  mode,  although  guided  by  the 

where  g  is  1.93  and  2.68  in  the  duct,  “leaks”  out  of  the  top  of  the 


instruments  when  warm,  dry  air 
was  blowing  over  the  water  from 
the  land  on  a  hot  summer  after¬ 
noon,  forming  a  surface  duct  capa¬ 
ble  ©f  producing  strong  trapping  on 
wavelengths  of  roughly  10  cm  or 
less.  Several  thousand  soundings  of 
this  general  nature  have  been  made 
in  various  localities  by  several 
groups  of  investigators. 

The  atmospheric  index  of  refrac¬ 
tion  n  depends  upon  pressure,  tem¬ 
perature  and  humidity  but  is  inde¬ 
pendent  of  wavelength  down  to 
about  1  cm  (where  atmospheric  ab¬ 
sorption  becomes  important.)  The 
index  gradient,  dn/dz,  involves  both 
the  gradients  of  the  atmospheric 
quantities  and  their  absolute  values, 
with  the  result  that  a  very  wide 
range  of  effects  on  the  modified  in¬ 
dex  profile  is  possible.  We  may  sum¬ 
marize  the  most  important  of  these 
effects  very  briefly  as  follows : 

(a)  In  an  atmosphere  that  is 
completely  mixed  vertically 
dN/dz  is  nearly  constant, 
and  is  approximately  0.04 
per  ft;  but  complete  mixing 
is  rare  and  0.036  is  the  value 
commonly  defined  as  that 
standard  refraction. 


of  a  plane  wave  reflected  from  a 
plane  layer  in  which  n  varies  with 
height.  If  the  layer  is  not  too  thick 
(in  terms  of  wavelength),  strong 
reflections  may  occur  at  very  small 
grazing  angles.  In  this  case  the 
longer  wavelengths  experience  the 
greatest  effect,  by  contrast  with  the 
trapping  discussed  previously. 

Early  investigators  sought  ex¬ 
planations  of  refraction  effects  in 
terms  of  “reflections  from  air-mass 
boundaries,”  which  in  current  ter¬ 
minology  would  be  called  refraction 
by  (or  reflections  from)  the  ele¬ 
vated  irregularities  in  the  modified 
index  profile.  (These  irregularities 
are  by  no  means  limited  to  bound¬ 
aries  between  different  air  masses 
in  the  meteorological  sense,  how¬ 
ever.)  It  seems  clear  now  that  the 
early  results  included  the  combined 
effects  of  profiles  of  types  D,  E,  and 
F  of  Fig.  9. 

The  effect  of  the  layer  repre¬ 
sented  by  the  bottom  of  profile  A  of 
Fig.  9,  in  which  dN/dz  is  greater 
than  the  standard  slope,  is  to  de¬ 
crease  the  field  strength  below  the 
standard  level  near  .the  surface, 
hence  it  is  called  a  substandard 
layer;  this  is  the  opposite  of  the 
effect  of  superstandard  layers  in 
which  dN/dz  is  less  than  the  stand¬ 
ard  slope  and  fields  in  and  near  the 
duct  are  above  the  standard  level. 

The  meteorological  phase  of  the 
refraction  problem  is  vastly  compli¬ 
cated;  it  requires  the  answers  to 
many  questions  that  are  new  in  me¬ 
teorology  and  defy  analysis  in 
terms  of  existing  knowledge.  Con¬ 
sequently  it  was  necessary  during 
the  war  to  start  from  scratch  in  the 
new  field  of  radio-meteorology,  de¬ 
veloping  experiment  and  theory 
simultaneously  with  the  application 
to  the  radio  problem.  Study  of  the 
dynamics  of  the  lower  atmosphere 
was  begun  experimentally  by  me¬ 
teorological  soundings  employing 
methods  capable  of  revealing  great 
detail  in  atmospheric  structure.  Me¬ 
teorological  analysis  based  upon  the 
soundings  and  upon  other  weather 
information  has  brought  to  light 
the  fundamental  principles  of  the 
processes  involved,  but  working  out 
their  application  is  a  problem  for 
the  future. 

Figure  10  shows  atmospheric 
soundings,  made  in  an  aircraft  over 
the  ocean  with  specially  developed 


duct;  the  greater  the  degree  of  trap¬ 
ping' the  smaller  is  the  rate  of  leak¬ 
age.  Increasing  the  duct  height 
(more  correctly,  the  quantity  g) 
increases  the  degree  of  trapping, 
causing  the  “bulge”  in  Fig.  6  (Part 
I)  to  become  more  pronounced  and 
the  rate  of  attenuation  with  range 
to  decrease.  (It  also  encourages  the 
presence  of  higher-order  transmis¬ 
sion  modes,  not  considered  here.) 
If  the  transmitter  is  in  the  duct  or 
not  far  from  it,  the  general  effect 
is  to  produce  a  long  “finger”  in 
the  coverage  diagram  coinciding 
roughly  in  position  with  the  duct, 
often  extending  for  great  distances. 
Two  common  cases  in  which  the 
duct  rests  on  the  surface  are  shown 
by  D  and  E  in  Fig.  9. 

The  terms  employed  above  are 
only  crudely  descriptive  of  the  com¬ 
plete  mathematical  formulation  of 
the  problem,  which  is  too  involved 
to  give  here.  (The  same  mathemat¬ 
ical  problem  occurs  in  connection 
with  potential  barriers  in  quantum 
theory.)  Most  writers  base  elemen¬ 
tary  explanations  of  trapping  phe¬ 
nomena  upon  the  methods  of  geo¬ 
metrical  optics,  using  Fermat’s 
principle  and  tracing  ray  paths 
through  the  inhomogeneous  layers. 
Such  ray  methods  have  the  advan¬ 
tage  of  pictorial  simplicity,  but 
they  represent  an  oversimplification 
of  the  true  problem  and  they  may 
easily  lead  to  erroneous  conclusions 
if  they  are  interpreted  without  full 
knowledge  of  their  limitations. 
These  methods  have  been  avoided 
and  the  more  difficult  but  correct 
wave  theory  is  used  in  this  brief 
discussion.  A  complete  discussion 
of  the  problem  requires  application 
of  both  ray  and  wave  solutions  in 
the  regions  for  which  each  is  valid. 

It  should  be  emphasized  that  only 
energy  leaving  the  transmitter  at 
very  small  angles  of  elevation  is  af¬ 
fected  by  ducts.  The  field  at  angles 
above  roughly  1®  is  not  affected 
appreciably. 

When  the  duct  is  considerably 
above  the  transmitter,  as  in  F  of 
Fig.  9,  energy  may  also  be  propa¬ 
gated  beyond  the  horizon.  The  rig¬ 
orous  theory  for  this  case  has  not 
yet  been  carried  to  a  numerically 
useful  state,  however,  and  approxi¬ 
mate  methods  are  necessary.  One 
of  the  be.st  known  of  these  methods 
describes  the  propagation  in  terms 
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giving 
(Type  B  of  Fig.  9.) 

(b)  An  increase  of  temperature 
with  height  (temperature  in¬ 
tends  to  make 


version) 
dN/dz  <  0.036  per  ft,  and 
tends  to  give  profiles  of 
Types  C  through  G  of  Fig.  9. 
(c)  A  decrease  of  water  vapor 
concentration 


pressure 
(specific  humidity  or  mixing 
ratio)  with  height  tends  to 
make  dN/dz  <  0.036  per  ft, 
and  tends  to  give  profiles  of 
Types  C  through  G  in  Fig.  9. 
Relative  humidity  is  an  es¬ 
sentially  useless  quantity  in 
this  work  because  it  is  not  a 
conservative  property  of  the 
atmosphere. 

(d)  An  increase  of  humidity  with 
height  tends  to  make  dS/di 
>  0.036  per  ft,  and  tends  to 
give  profiles  of  Type  A  of 
Fig.  9. 

When  (b)  and  (c)  combine  dN/d: 
may  easily  become  negative  and 
strong  ducts  may  be  formed;  this 
is  particularly  prevalent  along  a 
coast,  where  warm  dry  air  from  the 
land  may  flow  out  over  cold  sea 
water.  If,  on  the  other  hand,  the 
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air  is  warmer  than  the  water  but 
is  extremely  moist,  the  reverse  sit¬ 
uation  (d)  is  likely  to  occur,  giving 
substandard  surface  layers. 

Any  of  the  profiles  of  Fig.  9  may 
also  occur  over  land  as  a  result  of 
numerous  meteorological  processes. 
The  most  pronounced  effects  over 
land  occur  as  part  of  the  diurnal 
cycle  of  daytime  solar  heating  of 
the  earth’s  surface  and  nocturnal 
cooling  by  radiation.  During  the 
middle  of  the  day  the  air  is  mixed 
by  convection  from  solar  heating, 
but  at  night  radiational  cooling  of 
the  surface  chills  the  air  from  be¬ 
low,  and  if  the  sky  is  clear  and 
winds  are  light  a  temperature  in¬ 
version  is  likely  to  form.  Humidity 
gradients  may  also  occur,  and  de¬ 
pending  upon  their  sign  and  mag¬ 
nitude,  either  ducts  or  substandard 
layers  may  result.  The  result  is  that 
overland  transmission  as  a  rule  be¬ 
comes  variable  at  night,  often  pro¬ 
ducing  a  wide  range  of  signal 
strengths  as  a  result  of  •the  contin¬ 
ually  varying  nature  of  the  atmos¬ 
pheric  stratification. 

A  general  feature  of  both  over¬ 
water  and  overland  transmission  be¬ 
tween  terminals  near  or  below  the 
horizon  is  that  when  ducts  occur 
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FIG.  11 — ^Variations  in  signal  strsngth 
associotsd  with  modifisd  index  profiles 
identified  in  FIG.  3.  The  standard  signal 
strength  is  indicated  in  each  diagram 


I  lu  10  lo  db  above  the  free-space 
t  level.  The  mechanism  of  the  fading 
is  not  clearly  understood,  but  in  the 
light  of  existing  information  it  is 
reasonable  to  believe  that  it  results 
from  superposition  of  a  number  of 
transmission  modes,  the  relative 
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Four-parameter  chart  gives  directly  the  required  values  of  L  and  C  for  a  parallel-con¬ 
nected  constant-resistance  dividing  network,  at  any  desired  crossover  frequency  and  line 
impedance,  when  separate  low  and  high-frequency  loudspeakers  are  employed 


WITH  divided-range  1  o  u  d  - 
speaker  systems,  an  electrical 
dividing  network  must  be  used  to 
separate  the  low  and  high  frequen¬ 
cies  into  two  bands  so  that  each  may 
be  reproduced  by  the  proper  loud¬ 
speaker  unit.  To  approximate  the 
ideal  network  transmission  char¬ 
acteristics  of  Fig.  1,  the  parallel- 
type  constant-resistance  dividing 
network  of  Fig.  2  is  favored  for  its 
simplicity  since  both  inductors  (and 
both  capacitors)  have  the  same  val¬ 
ues.**  The  chart  in  Fig.  3  gives 
these  values  of  L  and  C  directly  for 
various  values  of  crossover  fre¬ 
quency  /  and  line  impedance  R,. 

Although  the  values  of  L  and  C 
may  be  computed  easily  from  the 
simple  formulas  given  in  Fig.  2, 
the  chart  will  be  found  very  useful 
for  preliminary  design  problems. 
The  chart  may  be  used  beyond  the 
ranges  shown  by  employing  one  of 
the  following  sets  of  multiplying 
factors  for  the  scales: 


require  the  use  of  separate  auto¬ 
transformers  to  hiatch  the  low-  and 
high-frequency  units  to  the  600- 
ohm  outputs  of  the  network.  Since 
600  ohms  does  not  appear  on  the 
chart,  preliminary  values  must  be 
determined  from  the  intersection  of 
the  60-ohm  and  500-cycle  lines; 
these  are  found  to  be  27  mh  and  3.75 
/if.  Since  the  value  for  R,  must  be 
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FIG.  1 — ^Ideol  trcmunluioa  choract*ristict 
of  a  l.OOO-cvde  diriding  network 
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loudspeaker 


on  the  design  of  air-core  inductors 
may  be  found  in  the  literature**. 

Example  1:  A  dividing  network 
is  required  for  use  in  a  15-ohm  line, 
the  crossover  frequency  to  be  1,000 
cycles.  From  the  point  of  intersec¬ 
tion  of  the  diagonal  15-ohm  and 
1,000-cycle  lines  on  the  chart,  read 
out  to  the  left  and  upper  edges  of 
the  chart  to  the  values  8.37  mh  and 
7.50  /if  for  L  and  C.  Coils  may  be 
wound  especially  for  this  value,  and 
standard-size  capacitors  may  be 
connected  in  parallel  to  make  up  the 
required  capacitance  within  5  to 
10  percent. 

It  is  permissible  to  redesign  the 
network  for  a  slightly  different 
crossover  frequency  to  permit  use 
of  standard  capacitors.  New  values 
taken  off  the  chart,  starting  from 
the  intersection  of  the  15-ohm  and 
8-/if  lines,  are  938  cycles  and  3.60 
mh. 

Example  2:  A  dividing  network 
is  required  for  use  in  a  600-ohm 
line,  the  crossover  frequency  to  be 
500  cycles.  This  installation  will 
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FIG.  2 — Circuit  of  parallel-type  conetont-re- 
sistonce  dlTiding  network,  with  design 
equation*  (L  i*  in  henry*.  C  i*  in  laiodi, 
f  i*  cro**OTer  frequency  in  cycles,  and 
i*  impedance  in  ohm*  of  input  and 
each  output  branch  of  the  network) 


multiplied  by  10  and  there  is  no 
change  to  be  made  in  the  frequency 
(/  multiplied  by  1),  the  conditions 
for  determining  the  final  values  are 
met  by  applying  the  multiplying 
factors  on  line  2  of  the  table.  This 
gives  final  values  of  600  ohms,  600 
cycles,  270  mh,  and  0.375  /if  for  the 
network. 


10  10  1  0.01 
To  prevent  the  generation  of  har¬ 
monics  and  intermodulation  prod¬ 
ucts  by  the  network,  the  inductance 
of  the  coils  must  be  independent  of 
the  signal  level.  Since  air-core  in¬ 
ductors  are  inherently  free  of  this 
difficulty  they  are  usually  preferred 
over  iron-core  types.  They  must  be 
rather  large,  however,  and  must  be 
wound  with  heavy  wire  in  order  to 
obtain  a  reasonably  high  Q.  A 
value  of  20  at  the  crossover  fre¬ 
quency  is  satisfactory.  Information 
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TESTING 

Long-Persistence  Screens 

I 

!  Equipment  for  determining  the  light  output  of  cathode-ray  tuhe  phosphors  makes 

possible  accurate  evaluation  of  screen  materials  during  development  and  product 
sampling  to  assure  adherence  to  tolerances.  Special  features  of  test  set  are  described 
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INTRODUCTION  of  long-persistence 
cathode-ray  tube  screens  for  ra¬ 
dar  indicators  necessitated  stand¬ 
ardization  of  characteristics  of  the 
screens  among  all  tube  manufactur¬ 
ers.  Toward  this  end  a  group  at 
the  Radiation  Laboratory  of  the 
Massachusetts  Institute  of  Tech¬ 
nology  under  the  direction  of  W.  B. 
Nottingham  developed  basic  speci¬ 
fications,  test  equipment,  and  pro¬ 
cedures  for  testing. 

Equipment  developed  by  the 
Philco  Research  Division  was  in  ac¬ 
cordance  with  the  standards  and 
utilized  basic  circuits  developed  by 
the  Radiation  Laboratory,  but  was 
extended  in  scope  to  provide  greater 
versatility.  Two  complete  units 
were  constructed  and  are  now  in 
use  as  an  adjunct  to  further  screen 
phosphor  development. 

Faactioiis  of  Eqaipmeiif 

Broadly,  the  functions  performed 
by  the  equipment  can  be  divided 
into  three  general  categories.  All 
static  voltage  and  current  char¬ 
acteristics  of  a  wide  variety  of 
cathode-ray  tubes  can  be  measured. 
Steady  measurements  of  light  out¬ 
put  from  tube  screens  under  vari¬ 
ous  test  conditions  can  be  made. 
However  the  primary  function  of 
the  equipment  is  to  measure  the 
build-up  and  persistence  of  light 
output  from  long-persistence 
screens  exemplified  by  the  P7  type. 

Physically  the  equipment  con¬ 
sists  of  IS  standard  relay-rack 


chassis  in  two  six-foot  racks,  and  a  mounting  any  of  a  variety  of  cath- 
light-tight  wooden  console  in  which  ode-ray  tubes  at  a  standard  dis- 
the  cathode-ray  tube  is  mounted  for  tance  of  30  centimeters  from  a  931 
test.  The  several  units  comprising  photomultiplier  tube.  It  also  con- 
the  equipment,  together  with  the  tains  provision  for  making  abso- 
general  nature  of  their  functions,  lute  calibration  of  light  intensity, 

are  represented  in  Fig.  1.  and  means  for  rapidly  de-energiz- 

CONSOLE — This  unit  provides  for  ing  the  screen  between  tests. 
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cathode*  RAY  TUBE  CONTROLS 


FIG.  1 — Block  diogram  >howi  interrelation  of  units  oi  cathode-ray  tube  test  equipment 

are  provided  in  this  compartment,  or  magnetically  deflected  tubes. 

Deflection  Unit  —  Horizontal  Pulsed  Grid  Drive  Unit — Dura- 
and  vertical  deflection  voltages  pro-  tion  of  the  raster,  repetition  rate, 
ducing  a  200-line,  noninterlaced  and  number  of  rasters  applied  in 
raster  at  a  60-cycle  frame  rate  are  total  are  determined  by  an  electro- 
provided  for  either  electrostatically  mechanical  network  incorporated  in 

this  chassis. 

Moving  Chart  Ink  Recorder— 
A  record  of  light  output  as  a  func- 
BS  time  is  made  on  the  chart  of 

an  ink  recorder.  From  this  record 
|b  is  obtained  all  numerical  data  relat- 

ing  to  light  output  from  the  crt 
screen. 

Voltage  Standardization  Unit 
— Critical  voltages  from  the  entire 
system  are  brought  to  this  unit  and 

I■^B  checked  against  a  standard-voltage 

M  cell,  in  a  comparison  circuit  utiliz- 

ing  a  6E5  indicator  tube. 

BRI  «|||||  Photomultiplier  Tube  Poweh 

BB  Supply — This  is  a  variable,  regu- 

lated  high-voltage  supply  used  to 
'  - adjust  the  ampliflcation  of  the  931 

Power  Supplies — These  are  two 
^^^^B  conventional  low-voltage  regulated 

H-V  Power  Supplies — Three 
supplies  provide  anode  voltages  to 
the  crt  under  test  and  incorporate 
(  a  unique,  extremely  effective  regu- 

lating  system.  Multirange  current 
I, metering  is  also  provided. 

W  y  Monitoring  Oscilloscope  — 

"  *  permits  observation  of 

waveshapes  throughout  the  system 
and  facilitates  adjustment  of  the 


CRT  Controls — Filament  volt¬ 
age,  cathode  bias,  and  other  poten 
tials  are  controllable  from  a  conven¬ 
ient  central  point. 

Sync  Generator 


Synchroniz¬ 
ing  pulses  for  the  deflection  unit 
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.synchronization  of  various  units. 

The  P7  screen,  which  is  a  typical 
long-persistence  type,  comprises  a 
double  layer,  the  outer  layer  being 
a  zinc  cadmium  sulphide  and  the 
inner  a  zinc  sulphide  silver  acti¬ 
vated  fluorphor.  Under  electron 
bombardment,  the  inner  layer 
fluore.sces  brightly  and  excites  the 
outer  layer.  The  latter  phosphor¬ 
esces  under  this  excitation,  contin¬ 
uing  to  glow  long  after  the  fluor¬ 
escent  excitation  has  disappeared. 
If  the  excitation  is  applied  period¬ 
ically,  for  brief  intervals,  the  light 
output  from  the  outer  screen  will 
take  on  increments  until  a  satura¬ 
tion  condition  is  reached.  This  con¬ 
dition  repre.sents  maximum  light 
output. 

To  obtain  a  unique  unit  of  meas¬ 
urement.  the  centibel  was  adopted, 
and  defined.  This  unit  is  one  one- 
hundredth  of  a  bel,  so  that  the  num¬ 
ber  of  centibels  corresponding  to  a 
given  light  power  ratio  is  given  by 
cb  =  100  logio  {PJPt)  where  P,  and 
Pj  are  the  two  values  of  light  power 
whose  ratio  is  to  be  expressed.  In 
addition,  the  zero  level  was  chosen 
as  2  X  10  *  foot  lamberts,  corres¬ 
ponding  to  the  generally  accepted 
zero  sound  level  of  one  milliwatt. 

If,  then,  the  voltages  and  beam 
current  of  a  particular  cathode-ray 
tube  are  set  to  specified  values,  the 
raster  size  is  adju.sted  to  a  given 
area,  and  the  raster  is  applied  to 
the  screen  for  brief,  constant 
periods,  spaced  by  known  time  in¬ 
tervals,  the  light  output  will  vary 
as  a  function  of  time  in  the  follow¬ 
ing  general  fashion.  Each  instant 
of  raster  application  will  produce 
a  bright  fluorescent  flash  from  the 
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inner  screen,  followed  by  a  slowly 
(decaying  phosphorescent  glow.  The 
glow  after  each  flash  will  be  at  a 
higher  level  than  that  after  the  pre¬ 
ceding  flash,  with  the  iiscrements 
gradually  becoming  smaller. 

The  light  level  after  a  fixed  num¬ 
ber  of  flashes  is  a  direct  measure 
of  the  buildup  characteristic  of  the 
screen.  This  measurement  is  the 
data  actually  taken  in  practice  to 
determine  this  characteristic. 

T*st  ParaiiMters 

Certain  values  of  test  parameters 
were  found  to  give  optimum  re¬ 
sults,  and  standards  of  test  pro¬ 
cedure  were  consequently  based  on 
these.  The  type  6FP7  tube,  as  an 
important  example,  is  tested  under 
the  following  conditions. 

The  anode  potential  is  accurately 
.set  to  4,000  volts,  and  the  beam  cur¬ 
rent,  during  raster  application,  to 
60  microamperes.  The  raster  area 
is  50  square  centimeters,  and  is  ap¬ 
plied  for  one  sixtieth  of  a  second,  at 
one-second  intervals.  All  of  these 
factors  are  maintained  precisely, 
.some  manually  in  conjunction  with 
self-contained  measuring  instru¬ 
ments,  and  some  automatically  by 
the  equipment  itself.  The  resulting 
light  output  as  a  function  of  time 
is  plotted  on  the  recorder.  From 
this  plot,  the  light  output  after  the 
first,  fifth,  and  tenth  flashes  is 
measured,  the  ratio  of  the  fifth  to 
the  first  and  the  tenth  to  the  first  is 
calculated,  and  the  corre.sponding 
number  of  centibels  derived.  These 
ratios  of  light  output  are  defined 
as  cb„  „  and  cb,„  „  re.spectively,  and 
are  taken  as  factors  indicative  of 
the  build-up  and  persistence  of  the 
screen.  On  the  basis  of  these 
factors,  tubes  can  be  directly  com¬ 
pared,  or  tolerances  can  be  estab¬ 
lished  on  cb(5:,,  and  cb(,o:,,  within 
which  production  tubes  must  lie. 

Two  auxiliary  tests  are  com¬ 
monly  made  in  conjunction  with  the 
build-up  measurements.  The  first 
of  these  is  the  fiuorescent  measure¬ 
ment  and  involves  applying  a  steady 
raster,  all  other  test  conditions  be¬ 
ing  the  same,  and  measuring  the 
total  light  output  emanating  from 
the  screen.  The  second  of  these  is 
a  measurement  of  integrated  flash. 
For  this  purpose  a  single  raster  is 
applied  for  one  sixtieth  of  a  second, 
and  the  phototube  output  circuit  is 
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FIG.  3— Elemsnts  of  sync  generator 

converted  to  an  integrating  net¬ 
work.  This  technique  provides  an 
accurate  method  of  measuring  the 
effect  of  the  initial  flash  from  the 
inner  screen,  and  is  important  be¬ 
cause  the  latter  is  a  source  of  an¬ 
noyance  to  the  eye  of  the  operator, 
and  must  not  be  allowed  to  become 
excessive. 

Mounting  the  tube  to  be  tested 
presented  the  first  equipment  de¬ 
sign  problem.  Several  pieces  of 
associated  equipment  had  to  be 
positioned  near  the  tube,  light  out¬ 
put  had  to  be  measured  under  dark¬ 
room  conditions,  and  yet  access  for 
changing  tubes  rapidly  had  to  be 
provided.  The  solution  to  the.« 
mechanical  problems  was  to  use  the 
console. 

In  the  console,  the  tube  under 
test  is  mounted  in  the  righthami 
section,  which  is  accessible  by  lift¬ 
ing  the  hinged  lid.  In  position,  tht 
tube  faces  the  lefthand  section  in 
which  is  the  phototube  chassis  and 
de-energizing  lamp.  The  entire 
lefthand  section  can  be  dropped 
flush  with  the  table  top,  leaving  the 
tube  face  exposed  for  preliminary 
adjustments.  This  section  is  raised 
by  means  of  a  foot  pedal.  Various 
compartments  and  drawers  provide 


FIG.  4 — Circuit  of  phase  detector 
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FIG.  5 — PulMd  grid  driv*  unit 
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space  for  adaptors  and  other  equip¬ 
ment 

In  the  righthand  section  is  a  slid¬ 
ing  carriage  so  arranged  that  the 
faces  of  tubes  of  any  length  can  be 
positioned  at  the  standard  distance 
of  30  cm  from  the  phototube.  Posi¬ 
tioning  is  accomplished  quickly  by 
the  use  of  front  and  rear  sighting 
wires.  A  variety  of  clamping  sec¬ 
tions,  providing  for  several  neck 
diameters,  can  be  bolted  to  the  base 
of  the  sliding  carriage.  On  the 
rear  wall  are  sockets  providing  all 
needed  electrical  connections. 

Pbetetub*  Uait 

The  long,  rectangular  closed 
chassis  in  the  lefthand  section  is 
the  phototube  unit,  and  is  the  heart 
of  the  optical  portion  of  the  system. 
The  central  point  in  this  chassis  is 
the  931  photomultiplier  tube,  which 
provides  the  basis  for  making  abso¬ 
lute  measurements  of  light  output 
from  the  screen  under  test.  The 
tube  is  mounted  on  a  sliding  sub¬ 
chassis,  in  order  that  the  light- 
sensitive  surface  may  be  set  at  ex¬ 
actly  the  correct  distance  from  the 
sighting  wires  used  to  position  the 
cathode-ray  tube  face.  Other  aux¬ 
iliary  components  of  this  chassis 
are  the  light-leakage  compensation 
phototube,  the  inner  standard  lamp, 
the  attenuator,  and  the  cathode-fol¬ 
lower  output  stage,  shown  in  Fig.  2. 

By  means  of  the  ganged  switch 
in  this  unit,  the  plate  load  imped¬ 
ance  of  the  931  tube  may  be  made 
either  the  centibel-calibrated  at¬ 
tenuator  or  the  integrating  capac¬ 
itor.  The  output  voltage  developed 
across  either  load  is  directly 
coupled  to  the  grid  of  the  6SF5,  and 


the  recorder  microammeter  is  con¬ 
nected  into  the  cathode.  Initial 
current  in  the  recorder  is  adjusted 
to  zero  by  setting  a  variable  re¬ 
sistor  such  that  the  6SF5  is  just  cut 
off,  with  the  grid  at  +105  volts. 
There  is  always  a  small  current 
flow  in  the  931  plate,  because  of 
dark  current  in  the  latter,  light 
leakage  into  the  console,  and  the 
crt  filament  glow.  In  order  to  can¬ 
cel  this  current,  a  926  leakage-com¬ 
pensation  phototube  is  connected 
in  opposite  polarity,  and  the  ma^i- 
tude  of  the  cancelling  current  is 
controlled  by  means  of  a  small  lamp. 
The  brilliance  of  the  latter  is  ad¬ 
justed  by  the  compensation  re¬ 
sistor. 

To  avoid  frequent  use  of  the  ex¬ 
ternal  standard  lamp,  an  inner 
secondary  standard  lamp  is  pro¬ 
vided.  The  brilliance  of  this  lamp 
is  controlled  by  a  precision  attenu¬ 
ator,  which  is  calibrated  occasion¬ 
ally  by  means  of  the  external  stand¬ 
ard  lamp. 

To  the  base  plate  of  the  photo¬ 
tube  unit  is  mounted  a  swivel  arm 
on  the  end  of  which  is  placed  the 
external  standard  lamp.  In  posi¬ 
tion,  the  standard  lamp  is  directly 
in  front  of  the  931  phototube,  and 
exactly  22.6  cm  from  it.  When  the 
current  in  the  lamp  is  of  such  a 
value  as  to  develop  a  drop  of  1.018 


FIG.  6 — Thrratxou  control  xostM 


volts  (standard  cell  voltage)  across 
a  resistor  of  16.75  ohms,  exactly 
+  500  cb  of  light  is  produced. 

In  making  tube  tests,  it  is  neces¬ 
sary  to  start  with  a  condition  of  no 
light  output.  A  P7  screen,  how¬ 
ever,  will  glow  for  at  least  one  half 
hour  after  excitation.  It  has  been 
found,  fortunately,  that  red  light 
at  a  frequency  of  about  6,000  ang¬ 
stroms  will  deactivate  a  screen  in 
45  seconds.  Light  at  this  fre¬ 
quency  will  release  the  electrons 
momentarily  established  in  trapped 
energy  levels,  without  raising  them 
to  higher  energy  levels.  Hence  they 
fall  to  the  desired  neutral  level,  and 
the  tube  face  is  darkened.  A  red 
theater  flood  light  is  used  for  this 
purpose. 

Th'e  crt  control  chassis  needs 
little  description.  Here,  in  a  cen¬ 
tral  convenient  point,  are  means  for 
controlling  and  metering  filament 
voltage,  cathode  bias,  and  focus-coil 
current.  In  addition,  the  master 
power  switch  is  located  in  this  chas¬ 
sis.  In  particular,  cathode  bias  is 
controlled  by  a  precision  step  atten¬ 
uator,  operating  from  an  accurately 
established  300-volt  supply. 

DclUetioii  Unit 

In  order  to  obtain  comparable 
light  output  readings,  a  consistent 
pattern  must  be  applied  to  the  crt 
screen ;  this  is  accomplished  by 
standardizing  on  a  200-line,  non¬ 
interlaced  raster.  In  order  to  main¬ 
tain  such  a  raster,  it  is  first  neces¬ 
sary  to  derive  certain  synchroniz¬ 
ing  pulses,  in  this  case  a  12-kc  and 
a  60-cps  pulse.  The  sync  generator 
unit  is  outlined  in  Figure  3.  Out¬ 
put  at  approximately  12  kc  is  first 
obtained  from  a  master  oscillator. 
This  sinusoidal  voltage  is  then  ap¬ 
plied  to  an  overdriven  two-stage 
amplifier  whose  output  is  essenti¬ 
ally  a  12-kc  square  wave.  The  lat¬ 
ter  signal  is  next  applied  to  a  con¬ 
ventional  8-step  diode  counter  and 
blocking  oscillator,  the  resulting 
signal  being  a  1,500-cps  pulse.  The 
procedure  is  repeated  in  two  5-step 
counters,  the  final  output  being  a 
pulse  at  approximately  60  cps.  This 
pulse  is  then  compared  with  the 
60-cps  line  voltage  by  means  of  a 
phase  detector,  and  the  resulting 
bias  applied  to  a  reactance  tube 
which  holds  the  master  oscillator 
frequency  at  exactly  12  kc.  The 
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FIG.  7 — ^ImproTcd  roltag*  rcgnlator 


basic  phase  'delector  is  shown  in 
Fig.  4. 

The  deflection  circuits  utilized  to 
produce  the  200-line  raster  are  con¬ 
ventional  and  need  not  be  elabor¬ 
ated  upon.  Some  complexity  of 
switching  is  caused  by  the  necessity 
for  providing  horizontal  and  verti¬ 
cal  deflection  for  both  magnetically 
and  electrostatically  deflected  tubes, 
but  individual  circuits,  neglecting 
switching,  are  those  commonly 
found  in  the  literature. 


Raster  Tlmar 


With  the  raster-producing  volt¬ 
ages  available,  it  is  next  necessary 
to  apply  the  raster  periodically  for 
brief  intervals.  This  keying  is 
accomplished  through  the  medium 
of  the  pulsed  grid  drive  unit — a 
most  important  unit  upon  which 
the  sequence  of  all  operations  per¬ 
formed  automatically  depends.  The 
basic  elements  of  this  circuit  are 
shown  in  block  diagram  in  Fig.  5. 

A  Microfiex  automatic  timer  is 
so  connected  as  to  close  a  300- volt 
circuit  for  slightly  more  than 
eleven  seconds  after  a  switch  inaug¬ 
urating  the  raster  pulsing  is 
thrown.  A  Telechron  clock  motor 
drives  a  cam  at  the  rate  of  one 
revolution  per  second,  wliich  in 
turn  is  arranged  to  close  a  Micro¬ 
switch  for  slightly  more  than  one 
sixtieth  of  a  second,  once  each  revo¬ 
lution.  Plate  voltage  is  thus  applied 
through  the  timer  and  Microswitch 
to  the  thyratrons  once  a  second  for 
an  eleven-second  intervaL 

By  means  of  the  thyratrons,  the 
grid  of  the  crt  under  test  is  raised 
from  below  cutoff  to  a  value  de¬ 
termined  by  the  calibrated  attenu¬ 
ator.  During  this  period,  a  raster 
corresponding  to  a  previously  de¬ 
termined  beam  current  is  thus  ap¬ 
plied  to  the  screen. 


Operation  of  the  thyratrons  can 
be  discussed  with  reference  to  Fig. 

6  Adhere  a  typical  sequence  of  Mi¬ 
croswitch  closing  and  pulse  occur¬ 
rence  is  illustrated.  At  time  t„  the 
Microswitch  closes.  At  time  the 
leading  edges  of  two  pulses,  coinci¬ 
dent  but  of  opposite  polarity,  are 
applied  at  terminals  A  and  B,  The 
differentiated  pulse  at  C  is  nega¬ 
tive,  however,  and  nothing  happens. 
At  a  slightly  later  instant  U  a  posi¬ 
tive  pulse  appears  at  C  correspond¬ 
ing  to  the  differentiated  trailing 
edge  of  the  pulse  at  A.  Thyratron 
2061-1  is  fired,  and  a  positive  volt¬ 
age  appears  at  E.  This  voltage  is 
transmitted  through  the  d-c  ampli¬ 
fier  and  the  attenuator  to  the  crt 
grid,  and  a  raster  appears  on  the 
screen.  At  time  tj,  the  pulse  at  D  is 
negative,  because  of  differentiation, 
and  thyratron  2051-2  remains  non¬ 
conducting. 

At  time  U,  essentially  one-six¬ 
tieth  of  a  second  later,  a  positive 
pulse  appears  at  D,  firing  thyratron 
2051-2  and  reducing  the  voltage  at 
E  to  &  sufficiently  low  value  to  cut 
off  the  crt.  Shortly  afterward,  at 
tt,  the  Microswitch  opens,  turning 
off  both  thyratrons.  This  cycling 
continues  for  eleven  seconds,  after 
which  the  automatic  timer  removes 
the  plate  voltage  permanently  and 
the  run  is  completed. 

As  was  noted  (Fig.  2)  the  photo¬ 
tube  current  developed  by  the 
raster  is  applied  through  a  cathode 
follower  to  the  sensitive  element  of 
an  ink  recorder.  This  element  has 


FIG.  8 — Voltage  and  current  calibrator 


a  full-scale  sensitivity  of  250  mi¬ 
croamperes.  The  recorder  chart 
moves  at  a  rate  of  approximately  5 
inches  Jn  11  seconds. 

To  provide  for  testing  as  many 
crt  types  as  possible,  three  high- 
voltage  supplies  at  nominal  outputs 
of  7,  3.5,  and  2  kv  are  supplied. 
These  supplies  contain  an  unusual 
feature  in  the  regulating  system 
which  makes  the  latter  very  effec¬ 
tive.  Referring  to  Fig.  7,  it  will  be 
seen  that  the  grid  of  the  triode  is 
connected  to  an  adjustable  bias 
point,  while  in  the  cathode,  a  volt¬ 
age  equal  to  the  output  voltage 
divided  by  /i  is  applied.  Under 
these  conditions  it  is  possible  to 
show  that  I,  is  independent  of  E^. 
Therefore,  the  voltage  drop  across 
Rl  is  constant,  and  if  voltage  varia¬ 
tions  occur  at  A,  the  same  magni¬ 
tude  of  variation  'occurs  at  B,  but 
at  a  lower  center  value.  This  be¬ 
havior  is  in  contrast  with  a  resis¬ 
tive  divider  wherein  the  voltage 
variations  are  reduced  in  magni¬ 
tude  by  exactly  the  reduction  in 
center  value.  Thus  the  gain  of  the 
regulating  network  is  greatly  in¬ 
creased  by  the  use  of  this  addi¬ 
tional  tube. 

To  establish  exactly  all  critical 
voltages  in  the  system,  a  method  of 
comparison  with  the  voltage  output 
from  a  standard  cell  is  used.  These 
voltages  are  obtained  from  current 
flow  through  precision  resistors. 
Knowing  the  resistance  value,  the 
required  current  flow  to  produce  a 
given  voltage  is  calculated.  Next, 
the  resistance  required  to  produce  a 
voltage  of  1.018  volts  with  this  cur¬ 
rent  is  determined  and  obtained. 
This  latter  voltage  is  then  com¬ 
pared  with  a  standard  cell,  and  the 
current  adjusted  until  both  are 
equal. 

For  the  purpose  of  comparing 
standard  cell  and  test  voltages,  a 
circuit  utilizing  a  magic-eye  tube  is 
used,  as  shown  in  Fig.  8.  The 
standard  cell  and  test  voltages  are 
switched  alternately  to  the  grid  of 
a  d-c  amplifier,  whose  output  is  con¬ 
nected  to  the  grid  of  the  6E5. 
When  no  change  is  observed  in  the 
eye  angle,  the  voltages  are  equal. 

The  final  unit  is  the  monitor, 
which  is  a  conventional  oscilloscope 
mounted  with  the  rest  of  the  equip¬ 
ment  for  convenience  in  establish¬ 
ing  correct  operating  conditions. 
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The  obove  two  schematic  diagrams  show  the  basic  design  principles  of 
Cinch-Erie  Plexicon  Tube  Sockets 

In  the  plan  view,  the  socket  is  shown  with  condensers  for  by-passing 
three  tube  pins.  The  silvered  ceramic  condensers  are  shewn  in  yellow. 

Note  in  the  side  view  that  the  condenser  completely  surrounds  the 
tube  pin,  and  that  specially  designed  tube  prong  terminals  are  used. 
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By  H.  S.  Anker 

Department  of  Bioohemistru 
Univeraity  of  Chioago 
Chicago,  Illinoia 


lected  to  insure  a  grid  current  of 
less  than  2  x  10'“  ampere  when  the 
filament  voltage  is  3.2  volts,  the 
screen  25  volts  and  the  control  grid 
—1.6  volts.  The  tube  is  cleaned 
with  absolute  alcohol  and  coated 
with  polystyrene  lacquer  to  prevent 
surface  leakage.  Tubes  Vi,  and 
the  grid  resistor  are  built  into  a 
separate  box  for  shielding  and  pro¬ 
tection  from  light.  Connections  to 
the  glass  electrode  are  made  by  a 
polystyrene  insulated  connector. 


Several  pH  meters  of  the  type  to 
be  described  have  been  constructed 
and  have  operated  satisfactorily 
over  a  number  of  years. 

The  circuit  employed  is  based  on 
the  Roberts^  feedback  amplier. 
Its  main  feature  involves  the  use  of 
two  identical  amplifiers  in  a  com¬ 
pensating  arrangement  with  the 
heaters  of  V,  and  F,  connected  in 
series.  The  output  is  measured  be¬ 
tween  both  amplifiers.  This  method 
makes  a  regulated  power  supply  un¬ 
necessary.  A  20-volt  change  in  line 
voltage  gives  about  0.05  pH  unit 
variation  of  the  output. 

As  the  instrument  is  to  be  used 
with  a  high-resistance  glass  elec¬ 
trode,  input  tube  Vt  should  be  se- 


Calibration 

After  construction,  the  instru¬ 
ment  is  aged  for  24  hours.  The 
meter  is  provided  with  a  scale  of 
0-14  pH  units,  and  the  cabinet  is 


(1)  S.  Roberts,  Rev.  Sci.  Jnat.  10,  p  181, 


Completo  Circuit  of  the  pH  meter.  The  voltage  regulator  tube  is  arranged  In  the 
cabinet  as  o  pilot  light 


well  grounded.  Controls  P,  and  P, 
are  set  to  their  midpoints,  the 
meter  is  set  to  a  reading  of  7  by  P„ 
and,  by  means  of  two  known  pre¬ 
cision  chemical  buffers,  the  meter 
sensitivity  is  adjusted  by  P,  so  that 
the  difference  in  meter  reading  cor¬ 
responds  to  the  two  buffers.  Con¬ 
trol  P,  is  then  varied  until  the 
meter  gives  the  proper  reading  for 
one  of  the  buffers.  Potentiometers 
P»  and  Pt  are  mounted  inside  the 
cabinet,  since  after  this  initial  ad¬ 
justment  they  need  not  be  changed. 
Control  P,  provides  a  temperature 
compensation  scale. 

For  calibration,  the  electrodes 
are  disconnected,  P,  adjusted  to 
give  a  reading  of  8  and  the  points 
at  which  readings  of  8.36  and  7.30 
are  obtained  by  changing  P,  are 
marked  0  and  40  respectively  on  the 
scale  of  Pj.  The  interval  between 
the  marks  is  divided  into  40  equal 
parts. 

The  time  delay  relay  on  the  dia¬ 
gram  could  be  replaced  by  an  ordi¬ 
nary  switch.  Beckmann  glass  and 
saturated  calomel  electrodes  were 
used  with  the  instrument.  For  rou-. 
tine  use,  after  a  warming  up  period 
of  about  10  minutes,  the  meter  is 
standardized  against  a  known  buf¬ 
fer  with  Pi. 

With  only  few  modifications,  a 
recent  instrument  was  equipped 
with  miniature  tubes  using  a  6AU6 
for  Vi,  V,;  F„  12AU7;  F.,  OB2  and 
Vt,  6X4.  A  selected  6AU6  tube  will 
show  a  sufficiently  low  grid  current 
with  the  heater  operated  at  3.2 
volts,  the  screen  at  50  volts,  and 
control  grid  at  —2.0  to  —2.6  volts. 


Selenium  Rectifiers  for 
Television  Receivers 


By  George  Eannarino 

Engineer 

Federal  Telephone  and  Radio  Corp- 
New  York.  N.  Y. 


Use  of  selenium  rectifiers  in  volt¬ 
age  multiplier  circuits  eliminates 
the  power  transformer,  rectifier 
tube,  and  filter  choke,  and  enables 
the  use  of  separate  supplies  for  each 
functional  circuit.  For  example,  the 
multiple  power  supply  shown  in 
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THE  FRONT  COVER 


MACHINE-MADE  RADIO  produced  in  England  by  John 
Sargrove,  Ltd.  employs  two  twin-tetrodes  in  a  regenerative 
circuit  for  the  broadcast  band,  is  the  forerunner  of  more  ambitious 
superheterodyne  models  already  in  an  advanced  stage  of  develop- 
mttt.  . 

Two  plastic  panels  having  preformed  depressions  and  holes  are  fed 
into  automatic  electronically-controlled  machines  (one  of  which  is 
pictured  here),  where  they  are  successively  sand-blasted  and  sprayed 
with  zinc.  Moving  through  the  machine  on  a  conveyor  belt,  the 
panels  are  then  face-milled,  so  that  zinc  remains  only  in  depressions 
to  form  wiring,  inductances  and  capacitors.  Resistors  are  added 
by  spraying  on  graphite  as  the  panels  continue  through  the  machine, 
and  as  they  near  the  end  of  the  line  tube  and  filter-capacitor  sockets 
and  some  small  hardware  is  automatically  installed. 

When  the  panels  emerge  from  the  machines  little  remains  to  be 
done  by  hand  labor  but  bolt  them  together,  install  the  loud  speaker, 
plug  in  the  two  filter  capacitors  and  two  tubes,  test,  and  place  the 
chassis  in  the  cabinet.  Some  of  the  electronic  gear  and  relays  are 
shown  in  the  illustration  below. 


Fig.  1  provides  separate  outputs  of 
280  volts  at  76  ma,  890  volts  at  100 
ma,  136  volts  at  200  ma,  and  100 
volts* at  60  ma,  without  using  a  com¬ 
mon  voltage  divider.  The  unit 
weighs  3  pounds,  at  least  7  pounds 
less  than  a  conventional  power  sup¬ 
ply  providing  the  same  service. 

A  conventional  power  supply  for 
a  television  set  provides  one  power 
source  fpr  all  circuits  by  placing 
about  440  volts  across  a  bleeder  and 
voltage  divider  having  taps  to  ob¬ 
tain  desired  voltages  for  each  stage. 


The  power  lost  in  the  divider  can  be 
saved  through  the  use  of  a  selenium 
rectifier  supply. 

For  example,  the  r-f  and  i-f  sup¬ 
ply  requires  approximately  135 
volts  at  200  ma.  To  obtain  this 
power,  in  the  transformer  supply, 
it  is  necessary  to  drop  the  440  to 


FIG.  1 — Circuit  of  multiplo  powor  supply  ; 
for  a  tolerision  rocoiTor.  Roctifiors  morksd  | 
Ri  ore  Federol  typo  403D2625:  R,  oro  typo  S 
404D2729 


136  volts  or  810  volts.  At  200  ma, 
this  represents  a  power  dissipation 
of  62  watts. 

In  a  similar  manner  12  watts  are 
lost  to  provide  the  audio  supply. 
Furthermore,  the  rectifier  tube  fila¬ 
ments  dissipate  30  watts  (based  on 
the  use  of  two  6Z3’s)  which  are  not 
required  when  selenium  rectifiers 
are  used.  Thus  a  saving  of  approxi¬ 
mately  100  watts  can  be  realized. 

The  operating  temperature  is  re¬ 
duced  appreciably,  enabling  the  use 
of  a  smaller  chassis  and  increasing 
the  life  of  the  receiver  components. 
This,  combined  with  the  reduction 
in  concentrated  weight  represented 
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Graybar  KIwtric  (Company  E-31 

420  I,rxiiiKton  Avenue,  New  York  17,  N.  Y. 
Gentlemen: 

Pleate  tend  me  Bulletin  T-2471  on  Western 
Elertrir'i  new  line  of  quarts  rryttalt. 


City 

Zonr  State 

Tnnevr  Western  Electric  standardized  line  of  quartz  crystals 
will  eliminate  many  of  your  circuit  design  problems.  This  new 
line  consists  of  ten  crystal  types — listed  in  the  table  at  the 
right — for  operation  within  specific /reyiiency'  ranges.  Each 
of  these  ten  crystal  types  consists  of  a  number  of  separately 
coded  crystal  units  which  are  designed  to  operate,  with 
nominal  tolerances,  within  specific  temperature  limits. 

Whether  you’re  concerned  vrith  frequency  standards,  mobile 
radio,  point-to-point  radio  systems,  commercial  airline  com¬ 
munications,  AM  or  FM  broadcasting,  police,  ship-to-shore 
systems,  military  communications  or  radar,  you'll  find  that 
the  job  of  selecting  the  proper  Western  Electric  crystal  imit 
is  as  simple  as  that  of  choosing  a  standard  vacuum  tube. 


Select  a  CRYSTAL  UNIT  as  easily 
as  you  would  a  vacuum, tube! 


For  complot*  data  on  Wottam  Eloctric  crystals _ 

designed  by  Bell  Telephone  Laboratories  —  send 
the  coupon  below. 


Western  Electric 


10  standard  crystal  types  —  between 
1.2  and  50,000  KC 


-QUALITY  COUNTS- 


Distributors:  In  the  U.  S.  A.-- Graybar 
Electric  Company. 

In  Canada  and  Newfoundland  — Northern 
Electric  Company,  Ltd. 
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Radio  Propagation  Research 


made  available  by  a  grant  from  the 
Department  of  Scientific  and  In¬ 
dustrial  Research,  he  proved  that 
the  reflecting  layer  existed  at  a 
height  of  60  miles  above  the  earth. 
The  technique  used  to  measure  the 
height  of  the  Kennelly-Heaviside 
layer  was  to  observe  the  beating 
produced  at  the  receiver  by  the  di¬ 
rect  ground  wave  and  the  reflected 
sky  wave  as  the  frequency  of  the 
transmitter  was  varied.  The  method 
also  paved  the  way  for  radar  tech¬ 
niques. 

Later,  using  wavelengths  in  the 
10  to  50  meter  range,  he  discovered 
the  Appleton  layer  at  120  miles,  now 
referred  to  as  the  E  and  F  layers. 
Ionospheric  forecasting  on  which 
long  distance  transmission  de¬ 
pends  is  based  on  these  discoveries. 
In  1932-33  Appleton  took  an  expe¬ 
dition  to  northern  Norway  to  study 
the  effect  on  radio. of  the  Aurora 
Borealis.  From  these  observations 
he  discovered  that  ionospheric  re¬ 
flectivity  varies  with  sunspot  activ¬ 
ity.  Recently  he  has  shown  that  me¬ 
teorites  reflect  radio  waves,  and, 
with  J.  S.  Hey,  has  found  that  sun¬ 
spots  are  powerful  emitters  of 
wavelengths  in  the  vicinity  of  five 
meters.  Appleton  has  been  Secre¬ 
tary  of  the  Department  of  Scientific 
and  Industrial  Research  of  the  Brit¬ 
ish  government  since  1939.  He  had 
served  in  World  War  I,  and  later 
taught,  his  first  position  being  un¬ 
der  Sir  J.  J.  Thomson.  He  has  been 
honored  by  numerous  learned  and 
engineering  societies  and  by  sev¬ 
eral  motions. 


Wireless  communication  depends 
on  the  control  and  utilization  of 
numerous  natural  phenomena.  One 
of  the  leading  pioneers  in  discov¬ 
ering  and  indicating  methods  of 
iking  these  phenomena  is  Sir  Ed¬ 
ward  Appleton,  who  has  been 
awarded  one  of  the  Nobel  prizes  in 
1947  for  his  researches. 

The  most  celebrated  discovery  of 
Appleton  was  the  reflecting  layer 
that  had  been  independently  pos¬ 
tulated  by  Heaviside  in  Great  Brit¬ 
ain  and  Kennelly  in  the  United 
States.  In  1924,  with  the  use  of 
the  B.B.C.  transmitter  at  Bourne¬ 
mouth  operating  on  a  medium  wave¬ 
length  and  a  receiver  at  Oxford 


Sir  Edward  Appleton,  who  hai  boon 
awarded  a  Nobel  Prixe  for  his  researches 
on  radio  wares,  is  now  mappinq  the  eorth- 
ward  lace  oi  the  moon  by  radar 


Increasing  Efficiency 
of  Fluorescent  Lamps 

High-frequency  operation  of  flu¬ 
orescent  lamps  increases  both  the 
lamp  and  the  overall  efficiencies  and 
decreases  the  ballast  requirements.* 
In  addition,  the  lamp  current  and 
voltage  at  h-f  are  of  better  wave¬ 
form  than  at  60  cps,  instant  start¬ 
ing  circuits  are  simpler,  and  strob¬ 
oscopic  effects  are  minimized.* 

Efficiency -Frequ  ency 

Using  an  audio  oscillator  and  a 
power  amplifier  capable  of  deliver- 
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FREQUENCY  IN  CYCLES  PER  SECOND 


FIG.  1 — Luminous  ofliciency.  and  conit- 
quently  OTsrolI  elflciency.  increases  with 
frequency  for  fluorescent  lamps 


ing  about  1,000  watts  at  frequencies 
from  60  to  10,000  cps,  the  operating 
characteristics  of  a  40-watt  fluor¬ 
escent  lamp  were  measured  as 
functions  of  frequency.  Holding 
the  line  at  200  volts  and  the  lamp 
power  at  40  watts,  it  was  found  that 
for  all  three  types  of  simple  ballast 
(series  inductance,  resistance,  and 
capacitance)  the  lumens  per  lamp 
watt  increased  over  the  value  at 
60  cps  (10  percent  for  inductance 
and  resistance  ballast  at  600  cps, 
and  200  percent  for  capacitance 
ballast),  and  that  the  lamp  power 
factor  approached  unity.  Although 
tests  were  carried  to  the  highest 
available  frequency,  practically  all 
the  improvement  had  been  obtained 
when  the  frequency  was  increased 
to  600  cps. 

At  600  cps  an  inductance  ballast 
weighs  50  percent  of  its  OO-cp.'' 
weight.  At  frequencies  above  about 
300  cps,  capacitance  ballast  can  be 
used  without  the  serious  strobo¬ 
scopic  effects  produced  at  60  cps, 
and  with  better  regulation  than 
possible  with  other  ballasts.  Be¬ 
cause  the  lamp  voltage  decreases 
with  increasing  frequency,  a  resist¬ 
ance  ballast  may  be  practicable  at 
120  volts  at  600  cps.  Figure  1  shows 
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Q,  INDUCTANCE  and  CAPACITANCE 


Radio  frequency  circuit  design  often  requires  the  ac¬ 
curate  measurement  of  Q,  inductance,  and  capacitance 
values.  For  this  application,  the  160-A  Q-Meter  has 
become  the  universal  choice  of  radio  and  electronic 
engineers  throughout  the  country. 

Each  component  part  and  assembly  used  in  the  manu¬ 
facture  of  this  instrument  is  designed  with  the  utmost 
care  and  exactness.  Circuit  tolerances  are  held  to  values 
attainable  only  in  custom  built  instruments. 

Consider,  for  example,  the  Q  tuning  capacitor  as¬ 
sembly  of  the  160-A  Q-Meter,  specially  manufactured 
for  maximum  range,  low  loss,  and  minimum  residual 
inductance.  The  ultimate  design  of  this  unit  was  reached 
only  after  months  of  intensive  engineering  research  to 
produce  the  finest  in  performance,  quality,  and  work¬ 
manship. 

This  is  but  one  of  the  many  desirable  features  of  the 
160-A  Q-Meter  which  contribute  to  its  outstanding  ac¬ 
curacy  and  dependability. 

Be  sure  to  include  the  160-A  Q-Meter  in  your  new 
equipment  plans  for  1948. 

Write  for  Catalog  "E" 


Shown  above  it  the  Q  tuning  capacitator  attembly  of  the  160-A 
Q-Meter.  Note  the  following  design  features  of  this  unit — features 
which  insure  reliable,  trouble-free  operation. 

A.  Parallel  connection  of  dual  rotor  and  stator  assemblies  minimizes 
internal  inductance  and  resistance. 

B.  Spring  silver  fingers  contact  both  sides  of  silver  disc  to  provide 
low  series  resistance. 

C.  Three  point  pyrex  ball  stator  suspension  reduces  losses  and  permits 
accurate  stator  aiignment. 

D.  Four  point  panel  mounting  designed  to  produce  maximum  structural 
rigidity  and  capacitance  stability. 

E.  Precision-cut  brass  spur  gears  and  stainless  steel  shafts,  mounted 
in  oversize  bearings,  assure  long,  trouble-free  service. 

F.  Common  stator  mounting  for  main  and  vernier  stator  plates  reduces 
loss  and  internal  series  resistance  of  vernier  capacitor  section. 

G.  Positive  shaft  stop  protects  main  rotor  assembly  and  gears  against 
mechanical  overload. 

SPECIFICATIONS 

Oscillator  Frequency  Range:  50  kc.  to  75  me.  in  B  ranges. 

Oscillator  Frequency  Accuracy:  ^  1%,  50  kc.*— 50  me. 

^3%,  50  me.— 75  me. 

Q  Measurement  Range:  Directly  calibrated  in  Q,  20-250.  “Mul¬ 
tiply— Q— By”  Meter  calibrated  at  intervals  from  x1  to  x2,  and  also 
at  x2.5,  extending  Q  range  to  625. 

Q  Measurement  Accuracy:  Approximately  5%  for  direct  reading 
measurement,  for  frequencies  up  to  30  me.  Accuracy  less  at  higher 
frequencies.  « 

Capacitance  Calibration  Range:  Main  capacitor  section  30-450  mmf, 
accuracy  1%  or  1  mmf  whichever  is  greater.  Vernier  capacitor 
section  +3  mmf,  zero,  — 3  mmf,  calibrated  in  0.1  mmf  steps.  Ac¬ 
curacy  ^0.1  mmf 
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through  separate  linear  reactors. 

The  three  impulse  circuits  (simi¬ 
lar  ’to  those  used  to  excite  ignit¬ 
ors*)  are  displaced  120  electrical 
degrees  by  the  three-phase  input. 
Each  phase  produces  two  peaks  per 
cycle  which  are  displaced  180  elec¬ 
trical  degrees  from  each  other. 
Thus,  six  impulses  are  produced  per 
input  cycle.  The  output  is  reso¬ 
nated  to  the  &th  harmonic  of  the 
input  frequency.  A  power  pulse  is 
thus  delivered  to  the  output  on 
every  third  half  cycle,  thus  obtain¬ 
ing  the  required,  phase  relation. 
When  the  inductive  kva  in  the 
resonant  circuit  is  about  six  times 
the  output  power,  the  overall  effi¬ 
ciency  of  the  frequency  converter  is 
about  70  percent. . 

(1)  J.  H.  Campbell,  Hiffh  Frequency 
Operation  of  Fluorescent  Lamps,  A  paper 
presented  at  the  National  Technical  Con¬ 
ference  of  the  Illuminating:  Ehigrlneerlns 
Society,  New  Orleans,  La.,  September, 
1947  ;  to  be  published  In  Illuminating 
Engineering 

(2)  J.  H.  Campbell  and  B.  D.  Bedford, 
Fluorescent  Lamp  Operation  at  Frequen¬ 
cies  above  60  Cycles,  A  paper  presented 
at  the  National  SHectronlcs  Conference, 
Chlcagro.  Ill.,  November  1947 

(3)  B.  F.  W.  Alexanderson  and  A.  H. 
Mitta?  of  General  Blectric  developed  such 
a  frequency  changer 

(4)  A.  H.  Mittag  and  A.  Schmidt,  Jr., 
Ignitor  Excitation  Circuits  and  Misfire 
Indicating  Circuits,  AIEB  Summer  Con¬ 
vention,  Chicago,  Ill.,  1942.  Published  In 
AIEE  Tranaactiona  tor  1942,  p  575,  disc. 
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FIG.  2 — ^Hamumic  generator  produces  540 
cps  from  60-eps  Input  for  h-f  exdtotlon  of 
fluorescent  lomps 

the  relative  luminous  efficiency  ob¬ 
tained  with  the  three  types  of  series 
ballast. 

Although  rotary  converters,  such 
as  the  400-cps  equipment  that  has 
recently  become  popular,  could  be 
used,  other  methods  are  preferable. 
A  magnetic  harmonic  generator  can 
be  used  to  ctmvert  three-phase  60- 
cps  power  to  single-phase  640-cps 
power.*  The  circuit.  Fig.  2,  uses 
three  saturable  Nicaloi  core  re¬ 
actors  to  quickly  discharge  three 
capacitors  into  a  resonant  output 
circuit.  The  capacitors  are  charged 


Nonlinear  Indicator  for  Vacuum  Gage 


R.  S.  Mackay 

Deportment  of  Phyaica 
Univeraitg  of  CaUfomia 
Berkeley,  CaUfomia 


oscillate  in  the  direction  of  an  ex¬ 
ternally  applied  magnetic  field.  Be¬ 
cause  the  magnetic  field  prevents 
the  electrons  from  falling  directly 
into  the  anode  loop,  the  electrons 
move  in  long  enough  paths  to  pro- 


A  rasviCE  for  indicating  when  a  pre¬ 
determined  vacuum  has  been  at¬ 
tained  is  often  desirable.  For  ex¬ 
ample,  in  connection  with  work  on 
a  gold  evaporating  chamber  to  be 
used  by  relatively  unskilled  oper¬ 
ators,  a  fast-acting  direct-reading 
gage  was  desired  that  would  also 
be  rugged,  simple  and  foolproof. 

Vcteuum  Detector 

The  detecting  device  that  best 
suited  the  needs  of  this  application 
seemed  to  be  a  Philips  cold-cathode 
ion  gage.'  In  this  gage,  which  is 
sealed  to  the  vacuum  system,  the 
cathode  consists  of  two  parallel 
plates,  and  the  anode  is  a  loop  of 
wire  between  the  cathode  plates. 
Free  electrons  present  in  the  gage 


Electronic  eye  closet  when  vacuum  it 
pumped  to  preset  pressure 


duce  appreciable  ionization  of  the 
residutd  gas  molecules. 

The  result  is  that  a  discharge  is 
established  whose  current  is  an  in¬ 
creasing  function  of  pressure.  In 
the  case  of  the  tube  used  here,  the 
cathode  consisted  of  two  circles  of 
molybdenum  2.0  cm  in  diameter, 
separated  by  2.0  cm,  and  the  anode 
was  tungsten  wire  ring  3.0  cm  in 
diameter.  Magnetic  fields  of  400, 
800,  and  1,600  oersteds  were  tested, 
greatest  sensitivity  being  obtained 
with  the  field  of  400  oersteds. 


Gage  Indicator 


It  was  desirable  that  the  gage  in¬ 
dicator  give  a  sujlden  decisive 
change  when  the  preassigned  condi¬ 
tion  was  reached.  The  gradually 
changing  reading  of  a  microam¬ 
meter  is  therefore  unsuitable.  The 
current  passed  by  the  gage  can  be 
passed  through  a  resistor,  the  volt¬ 
age  drop  being  used  to  actuate  a 
high-resistance  detector.  An  inex¬ 
pensive  cathode-ray  tuning  eye 
proved  very  satisfactory  as  such  an 
indicator  when  used  in  the  accom¬ 
panying  circuit. 

When  the  pressure  drops  to  a 
predetermined  value,  the  eye  closes, 
giving  an  obvious  indication.  By 
proper  choice  of  series  resistors  and 
plate  and  bias  voltages  of  the  indi¬ 
cator,  the  eye  can  be  made  to  close 
abruptly  in  as  small  a  pressure 
range  as  required,  consistent  with 
stability.  Furthermore,  this  non¬ 
linearity  can  be  made  to  fall  any¬ 
where  in  the  operating  range  of  the 
gage  by  shifting  the  bias.  If  high 
sensitivity  is  desired,  after  reduc¬ 
ing  the  1.6  meg  resistor,  it  might 
be  well  to  introduce  a  resistor  in 
series  with  the  grid  of  the  tuning 
eye  to  protect  the  grid  on  its  posi¬ 
tive  swing  (at  pressures  above  the 
preset  one).  This  resistor  will  not 
affect  sensitivity  because,  when  the 
eye  is  closing,  the  grid  is  negative 
and  draws  negligible  current. 

The  eye  tube  is  not  only  mechan¬ 
ically  rugged,  but  also  does  not 
suffer  when  the  currents  rise  due 
to  bursts  of  air.  Thus  the  gage  can 
be  left  on  at  all  times.  If  the  gage 
is  turned  on  when  the  system  is  at 
atmospheric  pressure,  the  eye  will 
be  closed  because  the  gage  tube  is 
then  not  conducting.  As  the  pres- 
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Collins  vhf  Airborne  Equipment 


%  « 

%  4r  % 


•'fl*  .  ?  .1  ^  ;  '•  ■ 


...  for  navigational  use  of  the  omnidirectional  range 


Aeronautical  Radio,  Inc.,  asked  the  radio  communica¬ 
tions  industry  in  1946  for  proposals  on  receivers  and 
instrumentation  designed  to  meet  the  very  difficult 
specifications  demanded  by  omnidirectional  range  re¬ 
ception  and  indication  in  an  airplane.  Collins,  one  of 
six  companies  to  comply,  conducted  demonstrations 
in  January,  1947,  for  ARINC’s  Radio  Equipment 
Committee  and  commercial  airline  engineers,  and  for 
the  Air  Transport  Association’s  Air  Navigation  Traf¬ 
fic  Control  Research  Group.  Collins  was  one  of  two 
companies  whose  designs  were  approved 

Up  to  the  time  this  announcement  is  written,  dem¬ 
onstrations  have  been  made  for  all  domestic  and  many 
foreign  airlines,  and  orders  have  been  received  for 
this  equipment  from  American,  Chicago  &  Southern, 
Northwest,  Pan  American,  United,  and  Peruvian  In¬ 
ternational.  Meanwhile,  the  omnidirectional  radio 
range  system  is  now  being  installed  on  the  major 
United  States  airways,  and  it  is  expected  that  this 
system  will  supplement  and  ultimately  replace  the 
four-quadrant  beam  range  for  air  navigation. 


The  Collins  equipment  includes  our  SIR  280- 
channel  receiver  covering  108-136  me  on  a  100  kc 
channel  basis,  and  the  instruments  shown  above  and 
summarized  below.  The  receiver  includes  all  modern 
circuit  features,  and  provides  extremely  high  stability 
and  rejection  of  spurious  signals.  The  engineering  mod¬ 
el  of  a  companion  vhf  transmitter  is  now  under  test 

Key  to  illustration  above 

A.  51 R  Receiver  on  Shockmount 

B.  Control  Box 

C.  Radiol  Selector 

D.  Deviation  Indicator 

E.  Radio  Magnetic  Indicator 

F.  Accessory  Unit  (Provides  mounting  for  2  Radial  Con¬ 
verter  Indicators,  3  Servo  Amp.  for  R.M.I.,  and  2 
Power  Units  for  2  51R’s.  The  photograph  shows  1 
Radial  Converter  Indicator  and  1  Power  Unit  mounted 
on  the  Accessory  Unit.) 


IN  RADIO  COMMUNICATIONS,  IT’S  .  . . 


COLLINS  RADIO  COMPANY,  Cedar  Rapids,  Iowa 


11  West  42nd  StrMf,  New  York  18,  N.  Y. 


458  South  Sprin9  Street,  Lot  Artgelet  13,  California 
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NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  packaged  units, 
allied  products.;  new  tubes.  Catalogs  and  manu¬ 
facturers^  publications  received. 


Portable  G«iger  Counter 

VicTOREEN  Instrument  Co.,  5806 
Hough  Ave.,  Cleveland  3,  Ohio. 
Model  263-A  battery-powered  Gei¬ 
ger  counter  comprises  a  thin-wall 
counter  tube  that  permits  measure¬ 
ment  of  beta  as  well  as  gamma 
radiation.  Three  scales  are  pro¬ 
vided  that  correspond  to  0.2,  2.0, 
and  20  milliroentgens  when  cali¬ 
brated  against  gamma  radiation 
from  radium. 


center-frequency  deviation  and  per¬ 
centage-modulation  indications  for 
f-m  broadcast  and  television  audio¬ 
channel  transmitters.  Input  sensi¬ 
tivity  of  the  instrument  is  better 
than  1  volt  r-f  over  the  range  30  to 
220  me.  Center  frequency  indicator 
is  calibrated  in  100-cycle  divisions 
from  minus  to  plus  3,000  cycles.  The 
pulse  counter  discriminator  is  lin¬ 
ear  to  better  than  0.05  percent  at 
133  percent  modulation.  The  crys¬ 
tal  frequency  is  within  plus  or 
minus  10  parts  per  million. 


fixed  tuned  or  tunable,  a  jack  field, 
amplifier,  and  vu  meters  used  to 
relay  f-m  programs  from  one  broad¬ 
cast  area  to  another.  Automatic 
clocks  allow  semiattended  operation 
by  preselection  of  programs  at 
given  times  of  day.  Telephone  lines 
can  also  be  tied  into  the  system. 


Cartridge  Wire  Recorder 

Radio  Corf,  of  America,  Camden, 
N.  J.  A  lightweight  wire  recorder 
features  a  plug-in  cartridge  that 
records  up  to  a  half  hour  of  speech 
or  music.  An  indexing  device 
makes  it  possible  to  determine  exact 


Slotted  Section  and  Probe 

Polytechnic  Research  and  De¬ 
velopment  Co.,  Inc.,  66  Court  St, 
Brooklyn  2,  N.  Y.  Slotted-section 
and  probe  combinations  for  micro- 
wave  testing  equipment  are  avail¬ 
able  in  all  commonly  used  wave¬ 
guide  and  coaxial  line  sizes  for  the 
frequency  bands  between  1,000  and 
40,000  megacycles.  The  probe  illus- 


F-M  and  Television  Monitor 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
Type  1170-A  f-m  monitor  provides 


locations  of  recordings  on  the  wire. 
A  unique  takeup  device  insures 
movement  of  the  wire  at  a  constant 
speed. 


F-M  Networks 

Radio  Engineering  Laboratories, 
Inc.,  35-54  Thirty-Sixth  St.,  Long 
Island  City  1,  N.  Y.  Type  TTL 
equipment  model  693B  illustrated 
is  a  combination  of  receivers,  either 
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RAYTHEON 


/liA  WLAW-FM 

RAYTHEON  I  II  IK  I  ^  _ 

Marked  “OK  for  shipment”  at  Raytheon, 
Waltham,  on  Thursday,  equipment  for 
WLAW’s  new  transmitter  began  feeding 
programs  into  their  antenna  at  Burlington, 
Mass.,  on  Saturday.  That’s  evidence  of 
Raytheon  super  service  made  possible  by  de¬ 
pendable,  easy-tb-install  Raytheon  quality 
equipmient. 

yo*i^UUU  iU  LOOKS 

It’s  clean  as  a  whistle,  modem,  streamlined  — 
a  handsome  addition  to  any  up-to-the-minute 
station.  It’s  true,  but  hard  to  believe,  that  the 
new  Raytheon  3KW-FM  Transmitter  is  the 
lowest  cost  ■  reliably  made  equipment  of  its 
class  that  you  can  buy. 

ytuc'UUU  iU  PERFORMANCE 

It’s  easy  and  quick  to  tune  —  requires  a  min¬ 
imum  of  special  testing  equipment  .  .  .  de¬ 
livers  a  high  quality,  stable,  hi-fidelity  signal 
.  .  .  operates  at  an  inherently  lower  noise  level. 
Features  Raytheon  direct  crystal  control  and 
simplified  Cascade  Phase  Shift  Modulation. 

uUa  iU- 

EASE  OF  MAINTENANCE 

Simple,  conservatively  rated  circuits  .  .  .  easy 
accessibility  . . .  the  use  of  standard,  readily 
obtained,  easily  replaced  parts  —  make 
this  Rasrtheon  3KW-FM  Transmitter  the 
easiest,  most  economical  equipment  to  service 
and  opjerate. 


Front  view  shows  arrangement  of 
controls  for  tuning  driver  and  am¬ 
plifier.  Center  lift-off  panel  has 
been  removed  to  show  accessi¬ 
bility  of  power  supply. 

I'ia  RAYTHEON 

='Cked  by  Raytheon’s  complete  man- 
'■'turing  and  service  facilities  .  .  . 
hen  you  sp)ecify  Raytheon  not  only 
r  FM  or  AM  transmitters  but  for 
r^ech  input  and  station  equipment  — 
ou  are  teaming  up  with  Raytheon’s 
■kc  organization  devoted  to  research 
id  manufacture  for  the  Broadcast 

'lusiiy. 


Rear  view  showing  occessibility  of 
chassis,\tcrminal  boards,  etc. 


cJtead  uuUt  RAYTHEON 

faylheon’s  Integrated  Design  Policy  lets  your  station 
§'ow  with  the  industry.  Start  as  low  as  250  watts'.  . . 
|l^p  it  up  with  the  new  3KW.FM  Amplifier  and  Trans- 
*  i’tcr .  .  .  use  it  later  as  a  driver  for  a  10  KW  unit. 
You’re  set  for  the  future  with  no  fear  of  obsolescence. 


^xc«//^nee  i*t  S/ec/u>t**eA' 

RAYTHEON  MANUFAaURING  COMPANY 

COMMERCIAL  PRODUCTS  DIVISION 

WALTHAM  54,  M ASSACHUSITTS 

Industrial  and  Commercial  Electronic  Equipment,  Broodcost  Equipmerd, 
Tubes  and  Accessories 

Sofes  offices:  Bostoe,  Cbottonoogo,  Chicago, 

Dallas,  Los  Angeles,  New  York,  Seattle,  Washington,  D.  C 


rite  today  for  complete  information  add 
technical  details 


\ 
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trated  covers  1,000  to  12,400  me. 
A  feature  of  the  units  is  the  ball* 
bearing  movement  that  eliminates 
backlash  or  play. 


Sweep  Generator 

McMurdo  Silver  Co.,  Inc.,  1240 
Main  St.,  Hartford,  Conn.  Model 
909  f-m  and  television  sweep  gen¬ 
erator  covers  a  center  frequency 
range  of  2  through  226  me  in  three 
bands.  The  frequency  modulation 
sweep  is  adjustable  from  40  kc  to 
over  9  me  and  output  from  0  to  0.6 
volt  is  available.  Synchronization 
of  the  oscilloscope  used  to  trace 
alignment  pictures  is  at  power  line 
frequency  or  by  saw  tooth  synchron¬ 
izing  voltage  at  twice  power  fre¬ 
quency.  Net  price  of  the  new  unit 
is  $48.50. 


second.  A  high-voltage  regulated 
power  supply  adjustable  from  600 
to  1,500  volts  is  included  for  opera¬ 
tion  of  Geiger  tubes. 


Triode  Amplifier 

Brook  Electronics,  Inc.,  34  De¬ 
Hart  Place,  Elizabeth,  N.  J.  Latest 
addition  to  a  line  of  high-fidelity 
amplifiers  is  model  10-D  a  80-watt, 
rack-mounting  unit  with  76-db 
gain.  Frequency  response  from  20 
to  20,000  cycles  is  within  0.2  db. 


PT102  television  monoscope  signal 
source  produces  a  complete  com- 
posiie  video  signal  for  testing 
equipment  from  camera  to  receiver. 
Frequency  response  at  10  me  is  6 
db  down ;  resolution  is  greater  than 
600  lines;  and  there  are  both  posi¬ 
tive  black  and  positive  white  out¬ 
puts. 


Short-Haul  Carrier 

Federal  Telephone  and  Radio 
CoRP.,  Newark,  N.  J.,  Type  9-H-l 
carrier  system  provides  three  chan¬ 
nels  that  will  operate  on  open  tele- 


5-Kw  Television 

General  Electric  Co.,  Syracuse, 
N.  Y.  Type  TT-6-A  and  TT-6-B 
5-kw  visual  and  2.5-kw  aural  trans¬ 
mitters  are  available  for  operation 
on  television  channels  1  through  13. 


At  5  watts,  the  harmonic  distortion 
is  0.6  percent  and  intermodulation 
distortion  only  0.2  percent.  Power 
supply  is  selfcontained.  Noise  is 
70  db  down.  Further  details  from 
manufacturer. 


phone  wires  for  distances  up  to  150 
electrical  miles.  Other  types  of 
single-chaimel  and  long-distance 
systems  are  also  in  production. 


F-M  Sweep  Generator 

^  Radio  Corp.  of  America,  Camden, 

N.  J.  Type  WR-53A  sweep  genera- 
The  units  are  designed  for  low4evel  tor  furnishes  all  signals  needed  for 
plate  modulation.  Specification 
sheets  may  be  obtained  from  Elec-  H|||||||||H 
Ironies  Park. 


Casting  Resin 

Mathieson  Alkali  Works,  Inc., 
60  East  42nd  St.,  New  York  17, 
N.  Y.  A  casting  resin  described 
recently  in  releases  from  the  Na¬ 
tional  Bureau  of  Standards  is  now 
available  in  commercial  quantities. 
Its  properties  include  low  power 
factor,  low  dielectric  constant,  short 
polymerization  period,  small  volume 
shrinkage  on  polymerization,  and 
low  moisture  absorbtion. 


Decade  Scaler 

Potter  Instrument  Co.,  Inc.,  135- 
66  Roosevelt  Ave.,  Flushing,  N.  Y, 
Model  2092  decade  scaler  for  radio¬ 
activity  measurements  has  an  input 
sensitivity  of  0.25  volt.  The  scaler 
will  resolve  two  pulses  which  are  5 
microseconds  apart  and  will  count 
continuously  with  absolute  accuracy 
rates  up  to  180,000  counts  per 


Monoscope  Signal  Source 

PoLARAD  Electronics  Co.,  9  Ferry 
St,  New  York  7,  N.  Y.  Model 


(contliiMd  oa  s  194) 
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From  the  beginning  of  the  in* 
dustry  Wilbur  B.  Driver  Co. 
has  been  the  leading  aupplier 
of  alloys  for  Radio  and  Elec¬ 
tronic  uses.  Constant  develop¬ 
ment  of  new  alloys  and  adop¬ 
tion  of  better  processes  has 
maintained  this  leadership. 

Wilbur  B.  Driver  alloys  are 
made  from  the  purest  raw 
materials  available  and  are 
melted  in  induction  furnaces 
'o{  the  most  modern  type.  The 
dim  of  the  Wilbur  B.  Driver 
Co.  is  to  aid  in  your  technical 
levflopment  by  continuing 
to  supply  alloys  to  match  the 
demands  of  progress. 
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WILBUR  B.  DRIVER  CO. 

150  RIVERSIDE  AVE..  NEWARK  4.  NEW  JERSEY 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  'mARKUS 

List  of  television  stations;  new  heating 
frequencies;  research  positions  open;  phone 
recording  legalized ;  radar  ignites  flash  bulbs 

Printed  Circuit  Technicpies 


A  COMPBEHSNSIVE  43-page  survey 
of  the  present  status  of  the  art 
of  printing  radio  and  electronic 
circuits  has  been  issued  by  the  Na¬ 
tional  Bureau  of  Standards  to  meet 
increasing  demands  from  industry 
for  information  on  mechanized  wir¬ 
ing  techniques  and  mass-production 
printing  of  components  themselves. 
Authors  are  Drs.  Cledo  Brunetti 
and  Roger  W.  Curtis  of  NBS. 

The  survey  divides  the  methods 
of  printing  into  six  groups  and 
gives  detailed  instructions  for  us¬ 
ing  each,  including  compositions  of 
the  paints  and  inks  used.  The  clas¬ 
sifications  are:  (1)  painting, 
wherein  conductive  and  resistive 
paints  are  applied  separately  by 


brush  or  stencil,  with  other  com¬ 
ponents  added  after  drying;  (2) 
spraying,  wherein  molten  metal  or 
paint  is  sprayed  onto  an  insulating 
surface  to  form  the  wiring,  or  an 
abrasive  spray  is  used  to  remove 
unwanted  metal  from  a  metal-plated 
plastic,  to  achieve  the  same  results 
as  an  alternative  direct  die-casting 
process;  (3)  chemical  deposition, 
involving  mirror-silvering  tech¬ 
niques  for  precipitating  a  metallic 
film  on  an  insulating  circuit;  (4) 
vacuum  processes,  for  depositing 
resistive  or  conductive  layers  on 
nonmetallic  surfaces  in  a  vacuum; 
(5)  die-stamping,  including  pre¬ 
forming  of  conductors  and  stamped- 
embossing  of  conductors  from 


a  copper  or  aluminum  sheet 
laid  over  a  composition  or  plastic 
panel;  (6)  dusting  of  tungsten  and 
molybdenum  powder  onto  a  ceramic 
body  fhrough  a  stencil  and  then  fir¬ 
ing  in  an  oven  or  flashing  with  a 
flame.  Performance  characteristics 
of  printed  components  and  assem¬ 
blies  are  given,  many  specific  appli¬ 
cations  are  cited,  the  patent  situa¬ 
tion  is  discussed,  and  a  bibliography 
of  60  articles,  books,  and  patents 
dealing  with  the  subject  is  included. 

This  NBS  Circular  468,  desig¬ 
nated  as  Printed  Circuit  Tech¬ 
niques,  is  available  from  the  Super¬ 
intendent  of  Documents,  U.  S. 
Government  Printing  Office,  Wash¬ 
ington  25,  D.  C.  at  25  cents  per  copy. 

FCC  Adopts  Final  Rules 
for  Citizens  Band  Equipment 

Following  publication  of  proposed 
technical  requirements  and  equip¬ 
ment  approval  procedures  for  the 
Citizens  Radio  Service  (reported  by 
ELECTRONICS,  Jan.  1947,  p  238), 
the  FCC  on  Oct.  23,  1947  adopted 
certain  sections  of  Part  19  of  its 
rules.  These  sections,  like  those 
considered  earlier,  pertain  only  to 
the  equipment;  proposed  rules  for 


Towers  In  The  Sky 


8«T«n  MUsupporting  b<iM>liuulat«d  Blaw-Knox  towara,  soma  with  wat  faat.  maka  up  this  unusual  diractional  array  usad  by  station 
WBEX  in  Duluth.  Mlnnaaota  to  protact  savarol  othar  stations  oparating  on  the  soma  iraquancy  in  the  a-m  broadcasting  bond.  Each 
tower  is  225  faat  high.  Six  are  usad  ot  night  and  the  saventh  is  usad  with  two  of  the  nighttime  towers  as  a  three-element  array  pro- 

Tiding  daytime  coeerage  oeer  the  Iron  Bongo 
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Ihey  never  leave  the  "round  in  a  Link  trainer.  All  their  '‘fly¬ 
ing”  is  done  blind,  by  instrument  and  “radio  beam.”  and  every 
movement  of  the  controls  is  recorded.  The  recording  device  is 
powered  by  a  Telechron  synchronous  electric  motor. 

Such  an  application  is  not  unusual  for  these  versatile  motors. 
They  have  been  used  successfully  in  clocks,  and  timing  and 
instrumentation  devices  for  25  years — and  more.  Every  day 
Telechron  application  engineers  are  helping  manufacturers 
adapt  them  to  new  and  important  uses. 

Dependable,  self-starting  Telechron  motors  meet  a  wide 
variety  of  needs  in  electric  devices — from  the  simplest  switch 
to  the  most  complicated  control  mechanism.  They  reach  rated 
speed  almost  instantly  and  operate  in  perfect  synchronism  with 
any  commercial  frequency  .  .  .  cant  run  faster  or  sloHcr.  Torque 
ratings  are  conservative.  Precision  building  and  Telechron’s 
exclusive  sealed-in  oiling  system  assure  accurate  service  and 
long  life. 

With  a  Telechron  motor  you  give  your  pnKluct  the  plus 
value  of  Telechron  leadership.  For  over  25  years.  Telechron 
has  been  the  largest  producer  of  synchronous  electric  motors. 
Every  one  is  Underwriters  Laboratories  approved.  Telechron 
application  engineers  will  be  glad  to  discuss  your  needs.  Address 
Motor  Advisorv  Service,  Dept.  M,  Telechron  Inc.,  Ashland, 
Massachusetts. 


CAT|UOG 


Telechron  Motors  Are  Now 
Being  Used  for: 

Stoker,  Oil  Burnor  and  Tomporoturo  Controls 

Industrial  Process  and  Cycling  Timers 

Business  Machinery 

Medical  Devices 

Household  Appliance  Timers 

Musical  Devices 


The  Brst  oed  fovortte  lyechroeous  eiectrrc  timing  motor 
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licensing,  actunl  operation  in  the 
Citizens  Radio  Service  are  now 
being  formulated. 

The  rules  now  adopted  are  sub¬ 
stantially  the  same  as  those  con¬ 
tained  in  the  preliminary  proposals. 
Chief  differences  are  in  section 
19.208  which  outlines  procedures 
for  making  type  tests  of  equipment, 
and  which  requires  the  following 
less  stringent  conditions  for  mak¬ 
ing  the  tests: 

(1)  Gradual  ambient  tempera¬ 
ture  variations  from  0  to  125  F. 

(2)  Relative  ambient  humidity 
from  20  to  90  percent.  This  test  will 
normally  consist  of  subjecting  the 
equipment  for  at  least  three  conse¬ 
cutive  periods  of  24  hours  each,  to 
a  relative  ambient  humidity  of  20, 
60,  and  90  percent  respectively  at  a 
temperature  of  approximately  80  F. 

(8)  Movement  of  transmitter  or 
objects  in  the  immediate  vicinity 
thereof. 

(4)  Power  supply  voltage  varia¬ 
tions  normally  to  be  encountered 
under  actual  operating  conditions. 

(5)  Additional  tests  as  may  be 
prescribed,  if  considered  necessary 
or  desirable. 


TMlIag  new  two-way  radio  dorolopod  by 
Jll  OroBS.  proddont  of  OroM  Etodronlci 
Inc.,  QoTolenid.  Ohio,  for  oporotloB  In  Iho 
4S0470-mc  bond  oUoeatod  for  a  dttsona 
radio  MrTleo.  Tho  oot  woighn  only  11 
onneoa.  8oo  Nor.  1947  ELECTBOMCS. 
p  90-89  for  roport  on  CitiMU  Bodio  Proioct 
^Mnsorod  by  ELECTRONICS 
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'  MECr/NGS 


MARCH  22-24:  Chicago  Technical 
Conference,  Sterena  Hotel;  meet- 
inga  and  exhibits;  sponsored  by 

-  51  societies,  including  IRE,  SMPE, 
and  AIEE. 

MARCH  22-25:  IRE  Conrention  and 
Radio  Engineering  Show,  Hotel 
Conunodore  and  Grand  Central 
Palace,  New  York  City. 

APmL  1-3:  AIEE  Great  Ukes  Dis¬ 
trict  Meeting,  Des  Moines,  Iowa. 

APRIL  7-9:  Midwest  Power  Con¬ 
ference,  Sheraton  Hotel,  Chicago, 
Illinois. 

APRIL  24:  Spring  Technical  Con¬ 
ference  of  IRE  Cincinnati  Sec¬ 
tion,  featuring  television  papers,  at 
Engineering  Society  Headquarters 
Building. 

APRIL  28-30:  AIEE  North  Eastern 


Distriot  Meeting,  New  Haven, 
Conn. 

MAY  9-14:  1948  Radio  Parts  Show, 
Hotel  Stevens,  Chicago. 

MAY  11-16:  Engineering  Progress 
Show,  Franklin  Institute,  Philadel¬ 
phia,  Pa.;  exhibits  and  two  eve¬ 
ning  lectures. 

JUNE  21-25:  AIEE  Summer  Gen¬ 
eral  Meeting,  Mexico  Gty,  Mexico. 

AUG.  24-27:  AIEE  Pacific  General 
Meeting,  Spokane,  Wash. 

SEPT.  13-17 :  Third  Instrument  Con¬ 
ference  and  Exhibit,  Convention 
Hall,  Philadelphia,  Pa. 

OCT.  5-7 :  AIEE  Middle  Eastern  Dis¬ 
trict  Meeting,  Washington,  D.  C. 

OCT.  11-12:  FM  Association  Second 
Annual  Convention,  Sheraton 
Hotel,  Chicago. 


Television  Station  List  ' 

The  following  FCC  tabulation  of  television  broadcast  authorizations  and 
applications  shows  activity  as  of  Dec.  1,  1947  in  54  cities,  with  6  stations 
licensed,  65  holding  construction  permits  (of  which  11  are  on  the  air), 
and  48  applications  pending  (including  25  in  hearing). 


NOMENCLATURE 

V*  liMBsed  sUtioo 
CP  Conatruetion  permit 

CP-O  In  operation,  under  epeeiel  temporary  authority 
A  Applicant 

A-H  Applieant,  in  hearinc 


City  and 
Applieant 


FREQUENCIES  OF  CHANNELS 


1  44-fiOmc 

2  54-«0mc 

3  60-66  me 

4  66—72  me 

5  76-82  Tnc 

6  82-88  me 

7  174-180  me 


Call 

Letters 


Channe 

No. 


8  180-186  me 

9  186-102  me 

10  102-198  me 

11  198-204  mo 

12  204-210  me 

13  210-216  me 


Power  in  kw 


Visual 


Aural 


CALIFORNIA 

Hollyweod 

T^viaion  Produetions,  Ine. —  CP-O .  KTL.\ 

Loe  Ancelee 

Amenean  Broadoastins  Co..  Ine. —  CP .  KECA-TV 

Earle  C.  Anthony,  Ino. —  CP .  .  KFI-TV 

National  Broadoastins  Co.,  Ino. —  CP .  KNBH 

Dorotlnr  8.  Thaokrey  —  CP .  KLAC-TV 

Timee-Mirror  Co. —  CP .  KTTV 

Don  Lee  Broadoastinc  System  —  A-H . 

Riverside 

The  Broadeasting  Corp.  of  America  —  CP .  KARO 

San  Diet  o 

Balboa  Broadoastinx  Co. —  A .‘. . 

San  Frandaeo 

American  Broadcasting  Co.,  Ine. —  CP .  KGO-TV 

Associated  Broadcasters,  Ine. —  CP .  KWIS 

The  Chronicle  Publuhing  Co. —  CP .  KCPR 

Don  Lee  BroswleastinK  System  —  A-H . 

Stocfctaa 

E.  F,  Peffer  — '.CP .  KGDM-TV 

CONNECTICUT 

Hartford 

Conneotieut  Broadcasting  Co. —  A-H . 

New  Britain  Broadcasting  Co. —  A-H . 

l^vdere  Broadcasting  Service  Corp. —  A-H . 

Yankee  Network,  Inc. —  A-H . 

New  Haven 

Elm  City  Broadcasting  Corp. —  CP .  WNHC-TV 

Waterbary 

Empire  Coil  Co.,  Ino. —  A-H . 

FaifMd  BroadoastingCo. —  A-H . 

Harold  Thomas  —  A^ . 


KTLA 

5 

30 

15 

KECA-TV 

7 

4.5 

2.7 

KFI-TV 

9 

16.1 

17 

KNBH 

4 

15 

8 

KLAC-TV 

13 

16 

16 

KTTV 

11 

19.15 

19.15 

2 

KARO 

1 

1 

1 

6 

KGO-TV 

7 

5.4 

2.7 

KWIS 

5 

23.6 

12.6 

KCPR 

4 

18-24 

19-2 

2 

KGDM-TV 

8 

1.93 

1.80 

10 

8 

10 

8 


1.82 


0.957 


DELAWARE 


Wilmiuton 
WDEL,  Ino.—  CP. 


Washington 


WDEL-TV 

7 

1 

0.5 

COLUMBIA 

WOIC 

9 

30-25 

24.5 

WTTG 

5 

6.25 

2.5 

WMAL-TV 

7 

27.7 

13.9 

WNBW 

4 

20.6 

17 

(continMd  on  p  236) 
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in  a  groove. 


lot  cutv^ 

SSSSiw-'*'^ 


*Available  for  both  internal  and  external  application 

There's  a  Waldes  Truarc  precision-engineered  retaining  ring  to 
answer  every  need.  Truarc  rings  give  a  never-failing  grip  because 
of  their  mathematically  precise  construction.  No  matter  how  de¬ 
manding  your  specifications,  it's  a  simple  matter  to  refine  your 
present  designs  to  save  material,  machining  and  assembly  costs. 
And  now  it's  more  convenient  for  you  too — there's  a  distributor 
near  you  who  stocks  the  rings  you  need.  See  the  list  below.  Send 
your  design  problem  to  Waldes  Truarc  engineers,  who  will  give  it 
individual  attention  without  obligation. 


ONE  OF  THESE  AUTHORIZED  DISTRIBUTORS  IS  CONVENIENT  TO  YOU: 


ttrM,  0.,  Ihi  Ohii  Bill  Bniinf  Ci. 
Albany,  N.Y., Ilk  Billing  Cl.,  Inc. 
A|i|liton,Wisc.,NetMjin  Billing  Cl. 
Atlmti,  6i..  Milfitt  Billings  Cl. 
Baltimii,  M<.,Motfalt  Biiiings  Cl. 
Biiminghiin,  Ah.,  Miffitt  Biiiings  Cl. 
BhiitiiM.  W.  Vi.  ,  W.  Viiginii  Biiiings,  Inc. 
Bostm,  Miss., Ilk  Billing  Ci.,  Inc. 
Binlgiiiit,  Cinn.,Tck  Billing  Ci.,  Inc. 
Bittih,  N.Y.,  Syiacusi  Biiiings  Ci. 
CinlM,  0.,Tlii  Ohio  Bill  Billing  Co. 
Chiiliston ,  W .  Vi.  ,  W  Viiginii  Bluings .  Inc . 
Chiilitti,  N.  C.,  Mitfitt  BiiimgsCi. 
Chidgi,  III.,  Bifiy  Billing  Co. 

Cmcmniti,  0.,  Thi  Ohio  Bill  Billing  Co. 
Cliyilond.  0  ,  Thi  Ohio  Ball  Billing  Co. 
Colombvs,  0.,Thi  Ohio  Bill  Billing  Co. 
Dayton.  0.,  Ihi  Ohm  Ball  Biiimg  Co. 
Dicitui,  III.,  Illinois  Billing  Co. 

Dnm,  Colo.,  Billings  Siivici  Supply  Co. 
Oitiiit,  Mich.,  Michigan  Biiiings  Co. 


Eiii.  PiM.,Binnsyhiinlo  Biiiings  Inc. 

Ft.  Wiyni,  M.,  Indnni  Boiimgs  he. 
Hamilton,  0.,  Ihi  Ohio  Boll  Billing  Cl. 
HiimmiM,  Inil. ,  Bmy  Billing  Cl. 
Huntingtii,llll  Vi.  ,  Wist  VKginh  Biiikigs,  he. 
Indiioipoks,  Ind. ,  Indiana  Bailings  he. 
liMiton,  0.,  Thi  Ohm  Bill  Biiimg  Ci. 
litayitti,  hid. ,  Indnni  Biiimgs  Inc. 

Imii,  0.,  Thi  Ohii  Bill  Biiimg  Cl. 
loiim,  0.,  Tlw  Ohii  Bih  Billing  Ci. 
lis  Angilis,  Cihf.,  Edwifd  D.  Miltby  Cl. 
Minsliild.  0.,1hi  Ohii  Call  Billing  Ci. 
Miiion.  Ill  ,  Billings  Siivici  Cl. 
Mihviuliie.Wisc. .Wisconsin  Bioimg  Co. 
Minneapolis,  Minn.,  Industml  Supply  Co. 
Muncii,  Ind. ,  Indnni  Biiiings  he. 

NewYoik.  N.Y.,Tik  Billing  Cl.,  Inc. 
Newiik,N.l.,Tek  Billing  Co.,  he. 

Nngiii  Fills,  N.Y.,  SyiKUSi  Biiiings  Ci. 
Oikhnd,  Cilif  ,  Billing  Spicnity  Co. 

Plain,  III  ,  Illinois  Billing  Co. 


PhlidilpiM.  Pmm.,  MoHitt  Biarings  Cl. 

Pboenii,  Alii.,  Edwwd  D.  Maltky  Cl. 
Pittshwgh,PiM.,PoaasyhiinnBoiimgslac. 
Portland,  On.,  0. W.  I.  CorparotM  * 

Pnvidinci.l.l.,IokBioiingCn.,hc.  V  ■ 
liichHiind,Vi.,MattottBianntiCi. 

Rochistii,  N.Y.,  Syrocisi  Boiimgs  Cn. 

St.  Lmrs.  Mo ,  Nimin  Bfoimgs  Cl. 

Silt  liki  City,  Utah.  Bwings  Sornci  Supply  Cl. 

Son  Fimcisci.  Cikt. ,  Bimog  Spicnity  Ci. 

San  Dingo.  Cakf-.EdinrdD.  Miltby  Ci. 
Siitth.Wisb  .BiarmgEifiiiMmgtSipplyCl. 
Sbiivipiit.  la.,  Biitmg  C  InnsmsMi  Cl. 

Smth  Bond,  Ind.,  Biiimgs  Soimci  Ca. 

SyiKusi,  N.  Y.,  Syiacusi  Biirmgs  Ca. 

Inn  Hull,  Ind.,  Indmu  Beannfs  lac. 
lolido.  0..  Ihi  OhM  Balt  Boarmf  Cl. 
loionli,  Ont.Cin.,  CmtioktiEnci.  SSahsltd. 
Whiiling,W.Vi..WistViiginii  Biamgs.lnc.  | 
Youngstown.  0..  Iht  Oku  BoH  Boomg  Ci. 
Zmisvilh.  0.,  Ibi  Ohio  BaN  Biamg  Cl. 


THUMf 

RETAINING 

RINGS 


WALDES  KOHINOOB,  INC. 

LONG  ISLAND  CITY  1,  N.  T. 

KXLOIS  T*ut*e  ■ITtmiNC  XINCS  XM 
riOTtCTIO  XT  U.S.  PATS.  l.iei.fAt:  l.oat.41* 
AND  nr  OTHI*  PATt.PINDIlie, 


Factory  engineering  representatives  available  ia  each  area 


Waldes  Truarc  Retaining  Rings 
Now  Natinnally  Distributed,  Nationally  Stocked 


doeteeu^  anti 
dSemet/* 


Snaps  on  radially  where 
axial  assembly  is  impoS' 
sible.  No  special 
tools  needed. 


Take  up  end-play  rigidly 
or  resiliently,  accommo¬ 
date  accumulated 
tolerances 


l/e//-  ^orKtna 


2  piece  ring  takes  heavy 
thrusts,  gives  posi¬ 
tive  lock,  secure 
against  high 


Provides  large  strong 
shoulder  for  small  shafts 


Economical  where  thrust 
is  moderate— holds  fast, 
yet  shaft  requires 
no  groove. 


shoulder  for  small  s 
Applied  radially. 
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TUBES  AT  WORK 

(coiitiii«e<i  from  p  134) 


FIG.  2 — Undpr-chaulc  Tiew  oi  a  mulUple- 
▼oltaga  power  lupply  built  on  a  7  by 
7-inch  choMis  and  weighing  three  pounds 


by  the  power  transformer  and  filter 
choke,  eases  the  production  problem 
and  allows  the  use  of  a  less  expen¬ 
sive  cabinet.  Size  of  a  complete  unit 
is  illustrated  in  Fijf.  2. 

Stray  Fields 

The  elimination  of  the  power 
transformer  also  provides  an  elec¬ 
tronic  advantage.  Since  stray  mag¬ 
netic  fields  cause  interference  in  the 
cathode-ray  tube,  it  is  often  neces¬ 
sary  to  confine  the  power  supply  to 
a  special  chassis  position  away  from 
the  tube  to  minimize  this  effect. 
The  use  of  selenium  rectifiers  places 
no  such  limitations  on  the  engineer 
and  they  can  be  installed  in  any  con¬ 
venient  location  on  the  chassis. 

Eliminating  the  transformer 
forces  the  designer  to  ground  one 
side  of  the  power  line  to  the  chassis, 
which  introduces  problems  of 
safety.  However,  since  all  televis- 


This  outstanding  model— designed  by  us  in  1939— was  the  first 
flat  or  strip  resistor  in  the  field— and  it  still  leads. 

Its  remarkable  performance  offers  you  far  more  than  just  higher 
wattage  ratings  for  unit  space  required.  Other  advantages— com¬ 
pared  with  tubular  units  of  equal  ratings  include  (1)  a  very  sub¬ 
stantial  reduction  in  depth  behind  mounting  surface;  (2)  ease  and 
economy  of  mounting,  either  singly  or  in  stacks;  (3)  lower  induc¬ 
tance;  (4)  light  weight;  (5)  resistor  and  mounting  an  integral 
unit;  (6)  cannot  loosen  or  rotate. 

Standard  sizes  are  available  from  30  to  75  watts;  resistance  range 
from  .10  to  70,000  ohms. 

Blue  Ribbon  resistors  may  be  had  with  intermediate  taps,  non- 
inductive  winding,  non-standard  lengths  and  ratings. 

Hardwick,  Hindle  resistors  and  rheostats  offer  many  exclusive 
advantages.  We  ask  you  to  give  our  engineers  an  opportunity  to 
discuss  your  specific  requirements. 


Rheostats  and  Resistors 


Subsidiary  oi 

THE  HATIONEL  LOCK  WASHER  COMPAIT 

NEWARK  5,  N.  J.  Established  ISK  V.  S.  A. 


FILAMENTS 


FIG.  3 — Voltage  triplet  circuit  ior  lupply- 
ing  68  watts  at  380  volts 
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It’s  true!  Wet  Process  Electrical  Insu¬ 
lators  are  in  good  supply  at  General 
Ceramics  now.  No  matter  what  quan¬ 
tity  needed,  you  can  depend  on  Gen¬ 
eral  Ceramics  for  immediate  delivery 
and  a  steady  supply.  Quality?  They’re 
engineered  and  manufactured  to  the 
same  high  standards  that  have  for  years 


made  General  Ceramics  steatite  insula¬ 
tors  and  sealed  leads  the  accepted  stan¬ 
dard  in  the  electronic  and  electrical 
industries. 

If  you  need  porcelain  insulators  for 
any  application  —  high  or  low  voltage 
—  call  or  write  us  today.  We’ll  do 
the  rest  —  and  fast! 


CERAMICS  and  STEATIIE  CORP 


^  OENERAL  OFFICES  and  RIANT:  KEASREY,  NEW  JERSEY 

MAKERS  OF  STEATITE,  T1TANATES,  ZIRCON  PORCELAIN,  ALUMINA,  LIGHT-DUTY  REFRACTORIES,  CHEMICAL  STONEWARE 
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AN"  CONNECTORS 


Widen  the  Horizon  of 
Industrial  Electronics 


TUBES  AT  WORK 


(CMtinutd) 


ed  b; 
visio 
sy8t< 
able 
thre 
in  h 


FIG.  4 — ParaU*I-conn»ct*<i  ■•Unlum  r»ctS- 
il*ra  proTid*  122  watts  at  375  Tolts 


ion  receivers  use  very  high  voltages, 
they  ordinarily  will  be  provided 
with  a  suitable  back  cover  and  inter¬ 
lock  switch  so  thai  the  hot  chassis 
introduces  no  new  complications. 
Some  additional  insulation  of  shafts 
and  bolts  passing  through  the  cabi¬ 
net  may  be  needed  to  meet  under¬ 
writers  requirements. 

The  use  of  separate  power  sup¬ 
plies  for  each  functional  unit  elimi¬ 
nates  the  problem  of  current 
changes  in  one  circuit  affecting  all 
the  rest,  such  as  action  of  avc  defo- 
cusing  the  set. 

Good  voltage  regulation  is  ob¬ 
tained  when  the  capacitances  recom¬ 
mended  on  Fig.  1  are  used.  If  the 
regulation  exceeds  requirements  for 
any  one  or  series  of  circuits,  lower 
values  can  be  used.  This  may  be 
preferable  from  an  economy  view¬ 
point. 

The  5  or  22-ohm  resistor  in 
series  with  each  supply  functions 
both  as  a  current  limiter  and  fuse. 
This  resistor  should  be  of  the  blow¬ 
out  type  so  that  in  the  event  of  a 
short  circuit,  the  resistor  will  bum 
out  before  the  rectifier  is  damaged. 

Figures  3  and  4  are  schematic 
diagrams  of  two  other  t3T)es  of 
selenium  rectifier  power  supplies 
that  may  be  used  in  television  sets. 
In  both  circuits  Federal  type 
404D2795  units  are  used. 


Wherever  indxistrial  electronic  equipment  is  sectionalized, 

Amphenol  AN  connectors  serve  with  efficiency  and  economy 
to  provide  quick  connection  and  easy  disconnect  for  servic¬ 
ing  or  movement. 

They  save  money  by  permitting  associated  wiring  for  one 
or  many  circuits  to  be  prefabricated,  thus  electronic  devices 
may  be  tested  at  the  factory  and  instantly  connected  for 
use  on  arrival.  This  greatly  simplifies  installation  and  servic¬ 
ing  procedures. 

Available  in  five  major  shell  designs,  each  of  which  accom¬ 
modates  over  200  styles  of  contact  inserts,  Amphenol  AN 
connectors  handle  voltages  up  to  22,000,  amperages  up  to 
200.  Types  with  pressure-proof,  explosion-proof  or  moisture- 
proof  housings  also  are  available,  os  ore  standard  elements 
for  thermocouples. 

Amphenol,  long  the  leader  in  mass-producing  AN  cormec- 
tors  for  the  armed  forces,  remains  completely  tooled  for 
large-scale  production  for  industry  at  costs  far  below  those 
in  effect  pre-war.  Write  for  full  data  now. 

AMERICAN  PHENOLIC  CORPORATION 

1830  South  54th  Avenue,  Chicogo  50,  Illinois 
COAXIAL  CABLES  AND  CONNECTORSMNDUSTRIAL  CONNECTORS,  FITTIN6S  AND 
CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTICS  FOR  ELECTRONICS 


TRICRER  AMPHENOL  AN  INSERTS  INCREASE  IREAKA8E  RESISTANCE 


Video  for  Hotel  Rooms 

Hotel-room  radio  installations, 
long  a  standard  feature  of  the  ac¬ 
commodations  offered  by  many 
hostelries,  can  now  be  supplement- 


Here's  anotlMr  example  ol  the  "saiety  insurance"  supplied 
by  olert  Assphenol  engineerings  On  all  sizes,  irom  20  up, 
Amphenol  isnerts  are  thicker,  oUering  greotor  resistance  to 
breakage.  This  is  particularly  Important  where  lorger  diam¬ 
eters  are  employed,  and  a  greater  number  oi  contacts  accom- 
aodotod. 
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ed  by  a  system  of  individual  tele¬ 
vision  viewing  units.  A  number  of 
system.s  are  now  available  that  en¬ 
able  a  hotel  guest  to  select  one  of 
three  channels  at  the  viewing  unit 
in  his  room. 

The  viewing  units  incorporate 
j  the  sync,  scanning,  and  audio 
I  power-amplifier  circuits  that  are  us- 
i  ually  found  in  complete  receivers. 
For  each  channel,  video  and  audio 
from  a  master  receiver  are  carried 
to  all  viewing  units.  Thus,  to  make 
three  channels  available  to  the 
guest,  three  coax  networks  connect 
three  master  receivers  with  the 
viewing  units. 

One  three-channel  installation  of 
this  type,  including  44  viewers  us¬ 
ing  15-inch  tubes,  has  been  under¬ 
taken  in  the  Hotel  Roosevelt  by 
Hotelvision,  Inc.  Receivers  and 
viewing  units  for  this  firm  are  made 
by  Olympic  Radio  and  Television, 
Inc.,  Long  Island  City,  N.  Y.  For 
use  in  the  hotel’s  public  gathering 
places,  20-inch  units  can  be  pro¬ 
duced. 

Industrial  Television,  Inc.,  Nut- 
ley,  N.  J.,  displayed  its  multiple- 
viewer  system  at  the  National 
Hotel  Exposition  November  10.  Al¬ 
though  more  channels  can  be  con¬ 
nected,  this  system  was  demon¬ 
strated  with  three  master  receivers, 
permitting  selection  of  three  chan¬ 
nels  on  viewers  having  10,  15,  and 
20-inch  tubes. 

]  A  novel  consolidation  of  juke  box 
i  and  television  receiver,  built  by 
Emerson  for  use  in  restaurants 
and  bars,  was  displayed  by  Ameri¬ 
can  Communications  Gorp.  at  the 
hotel  exposition.  This  unit  was  so 
j  constructed  that  during  the  period 

I  when  television  stations  are  not 
on  the  air,  the  juke-box  would 
operate  in  the  usual  fashion.  When 
television  programs  are  available, 
a  switch  is  thrown,  whereupon 
each  nickel  inserted  in  the  ma- 
I  chine  allows  three  minutes  of  tele- 
j  vision  to  be  displayed. 


Variable-Capacitance 
Aircraft  Fuel  Gage 

Limitations  inherent  in  float-op¬ 
erated  fuel  gage  systems  led  to  the 
development  of  a  capacitance  fuel 
measurement  system  which  is  sen¬ 
sitive  to  mass  rather  than  volume 
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MOISTURE 

costs  you  money 


Ward  Leonard  Resistors  stand  up  under 


prolonged  exposure  to  high  humidity 


Hermetic  sealing  with  crazeless  vitreous 


enamel,  made  from  Ward  Leonard’s  own 


special  VITROHM,  enables  the  Ward 


Leonard  resistor  to  stay  on  the  job.  They 


are  even  unaffected  by  thermal  shock. 


Ward  Leonard  resistors  are  "Result- 


Engineered”.  By  modifying  a  basic  de 


sign.  Ward  Leonard  can  give  you  the 


results  of  a  special  .  .  .  for  the  cost  of  a 


standard. 


Write  for  Resistor  Catalog.  Ward 


Leonard  Electric  Co.,  31  South  Street, 


Mount  Vernon,  N.  Y.  Ofl&ces  in  principal 


cities  of  U.  S.  and  Canada. 
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TUIES  AT  WORK 


(continued) 


of  fuel,  and  relatively  insensitive 
to  temperature  and  humidity  varia¬ 
tions  and  changes  in  plane  altitude. 

Basically,  the  capacitance  fuel 
gage  consists  of  three  elements.  The 
first  element  is  the  primary  detector 
which  consists  of  a  varying-dielec- 
tric  capacitor  whose  capacitance  is 
a  function  of  the  quantity  of  fuel 
in  the  tank.  Aircraft  fuels  presently 
used  have,  a  dielectric  constant  of 
about  two,  while  air,  or  fuel  vapor, 
has  a  dielectric  constant  of  unity. 
Thus,  as  the  fuel  content  of  the 
tank  varies  from  empty  to  full,  the 
capacitance  of  the  primary  detector 
changes  by  a  ratio  of  about  two 
to  one. 

The  second  component  of  the  sys¬ 
tem  is  a  capacitance-to-current  con¬ 
verter,  the  circuit  of  which  is  shown 
in  Fig.  1.  Two  oscillators  are  used, 
each  of  which  has  inductive  coup¬ 
ling  between  plate  and  grid  induc¬ 
tors.  One  oscillator  operates  at  a 
fixed  frequency,  while  the  other 
oscillates  at  a  frequency  that  is  con¬ 
trolled  by  the  capacitance  of  the 
primary  detector. 

In  the  variable-frequency  oscil¬ 
lator,  a  conventional  L-C  network 
forms  the  resonant  plate  circuit 
while  the  resonant  grid  circuit  con¬ 
sists  of  a  fixed  inductor  across 
which  the  variable-capacitance  de¬ 
tector  is  connected.  Thus  the  reson¬ 
ant  frequency  of  the  plate  circuit  is 
fixed  while  that  of  the  grid  circuit 
varies  as  the  fuel  quantity  changes. 
Because  the  grid  and  plate  circuits 
are  coupled,  they  must  oscillate  at 
the  same  frequency.  When  the  fuel 
tank  is  empty,  the  resonant  fre¬ 
quencies  of  the  two  tuned  circuits 
are  nearly  equal,  and  the  power  re¬ 
quired  to  maintain  oscillation  is  a 
minimum.  As  the  fuel  content  of 


VARIABLE - 
FREQUENCY 
OSCILLATOR 


FIXED 

FREQUENCY 

OSCILLATOR 


FIG.  1 — Dual  oscillator!  convert  capaci¬ 
tance  changes  to  current  variations  to  be 
read  on  the  fuel  indicator 
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An  Amplifier  Which  Reproduces  Sound 
Indistinguishable  From  the  Original 


The  BROOK  HIGH  QUALITY 
eRplOK  AMPLIFIER 

'V  Designed  by  LINCOLN  WALSH 

BROOK  ELECTRONICS,  Inc.,  34  DeHart  Place,  Elizabeth  2,  N.  J. 


The  Brook  High-Quality  Audio  Amplifier  was  developed  to  provide  the  utmost 
in  amplifier  performance  without  regard  for  manufacturing  cost.  There  is  no  way 
in  which  its  audio  characteristics  could  be  improved  by  additional  expense. 

Although  it  was  built  primarily  for  use  at  low  powers,  its  performance  at  both 
low  and  high  powers  (over  10  watts)  exceeds  any  other  amplifier. 

The  superiority  of  the  Brook  is  distinaly  apparent  when  it  is  heard  alongside 
other  amplifiers.  In  fact,  it  must  be  heard  to  be  fully  appreciated.  To  experience 
the  sensation  of  virtually  distortionless  audio  reproduction — hear  the  Brook  High 
Quality  Amplifier  at  your  earliest  opportunity. 

F«//  description  and  technical  specifications  will  be  mailed  without  obligation. 
Write  for  Bulletin  BBS  today. 


•ROOK  CHARACTRRISTICS 

■A  Frsqusncy  rstpeni*  flat  within 
tw^isnt^  Dl  from  20  to  20,000  cyclat. 

A  Roth  Intormodulation  and  harmonic 
Aitortion  roducod  to  nogligibility. 

A  Ratod  output  30  watts. 

-A  Automatic  lias  Control-a  patontad 
dreuit  footuro  which  roducos  harmonic 
distortion— availablo  only  in  tho  Brook 
amplifisr. 

A  Bass  and  Troblo  Componsation - 
two-stag*  R-C  notwork.  Ban  boost  os 
much  as  IB  DB  in  addition  to  pickup 
•qualization. 

A  Oain-55  to  120  DB  in  various  modals. 


Why  All  Triedes? 

It’s  a  generally  accepted  engineering 
fact  that  push-pull  triodes  of  low  am¬ 
plification  factor  aire  the  cleanest  audio 
amplifiers.  Their  use  is  costly  compared 
with  beam-power  tubes — but  only  with 
triodes  can  the  Brook  standard  of  per¬ 
formance  be  achieved. 

Ireek  TraRsfermers 

Transformers  used  in  the  Brook  Am¬ 
plifier  are  of  special  design  and  are 
available  in  no  other  amplifier.  They 
are  completely  free  from  saturation  or 
leakage  reactance  effects  from  25  to 
20,000  cycles  at  any  power  up  to  maxi- 
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You  WILL  BE  MORE  CERTAIN  to  get  the  best  receptions 
from  your  television  or  FM  set  when  you  specify  ATV ' 
lead-in  lines. 

The  effects  of  attenuation  and  impedance  mismatch 
on  FM  and  Television  reception  are  minimized  by 
Anaconda  Type  ATV  lead-in  lines. 

The  satin-smooth  polyethylene  insulation  of  Type 
ATV  line  sheds  water  readily,  thus  avoiding  subsequent 
impedance  discontinuities.  This  material  also  has  excep¬ 
tionally  high  resistance  to  corrosion.  Count  on  Anaconda 
to  solve  your  high-frequency  transmission  problems  — 
with  anything  from  a  new-type  lead-in  line  to  the  latest 
development  in  coaxial  cables.  «84« 

*An  Anaconda  Trade-Mark 


A  TYPE  ATV  LEAD-IN  FOR  EVERY  NEED 

Anaconda  offers  a  complete  selection  of  Type 
ATV  lead-in  lines  for  75,  150  and  300  ohms 
impedance  unshielded  and  shielded  lines  of 
high  impedance.  For  an  electrical  and  physical 
characteristics  bulletin,  write  to  Anaconda  Wire 
and  Cable  Company,  25  Broadway,  New  York 
4,  New  York. 
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Highest  Quality  Reproduction  of 
Fine  Source  Material  With 


2-Way  Speaker  System  Components 

Tru-Sonic  2-Way  Speaker  System  Components  permit  conformance  to 
individual  space  and  performance  requirements  of  tailored  sound  in¬ 
stallations.  From  the  Tru-Sonic  800  cycle  units  .employed  in  the.Magnavox 
home  radio  to  the  400  cycle  units  used  in  the  countr/s  largest  theaters 
every  requirement  is  met  through  the  employment  of  the  components 
shown  below. 


•00  CPS  CROSSOVIR 

3  AAodnIt.  824H,  2x4;  825H, 
2x5;  826H,  2x6.  Utc  POS 
Driver. 

Price,  $50.00,  $62.50 
and  $75.00  List 


^■r  MODIL 
P-22t 

20  W.  PM;  70-4000  cps;  8  or  16 
ohms;  12"  dia. 

Price,  $60.00  List 


MODIL  P-15 

20  W.  PM;  500-16000  cps;  16 
ohms.  Price,  $70.00  List 


MODIL  P-52L 

20  W.  PM;  40-7000  cps;  8  or  16 
ohms;  15"  dia. 

_  Price,  $«0.00  List 


MODIL  P-30 

30  W.  PM;  21/2  lb.  Alnico  5;! 
350-1 6(X)0  cps;  16  ohms.  i 

Price,  $120.00  List! 


600  CPS  CROSSOVIR 
Model  625H,  2x5.  Uses  P-30  or 
P-40  Driver. 

Price,  $110.00  List 


400  CPS  CROSSOVIR 

2  Models.  425H,  2x5;  436H, 
3x6.  Use  P-30  or  P-40  Drivers. 

Price,  $200.00  and 
$340.00  List 


lb.  Alnico  5;|  3  Models.  400,  6(X),  800  cycle. 

16  ohms.  I  Price  $95.00,  $67.50 

$200.00  List!  and  $45.00  List 

Normal  frado  discounfs.  See  your  jobber  or  wrifa  for  Bullotin  109 
doscribing  comp/efe  Tru-Sonie  lino. 


MANUFACTURING  CORPORATION 


10416  NATIONAL  BLVD. 

Speaker  Systems  For  ” 


LOS  ANGELES  34,  CALIF. 

Theater  and  Home 


the  tank  increases,  the  natural  fre¬ 
quency  of  the  grid  circuit  changes 
from  that  of  the  plate  circuit  and 
the  power  required  to  drive  the  os¬ 
cillator  increases.  If  the  supply  volt¬ 
age  is  constant,  the  direct  current 
drawn  by  the  oscillator  is  a  measure 
of  the  power  required  to  maintain 
oscillation,  and  is  a  function  of  the 
quantity  of  fuel  available. 

Variable  direct  current  from  the 
variable-frdSquency  oscillator  and 
constant  direct  current  from  the 
fixed-frequency  oscillator  are  fed 
to  a  moving-magnet,  ratio  type  in¬ 
dicator,  the  third  ba.sic  element  of 
the  system. 

A  dual  oscillator- circuit  is  used 
so  that  changes  in  tube  character¬ 
istics  occurring  as  the  tubes  age, 
as  well  as  variations  in  supply  volt¬ 
age,  ambient  temperature,  and  rela¬ 
tive  humidity  will  have  nearly  equal 
effects  upon  both  oscillators.  In  this 
way,  errors  are  minimized. 


Detector 


The  primary  detector  consists  of 
two  concentric  aluminum  cylinders, 
strong  enough  to  withstand  normal 
handling  and  operating  conditions. 
Spacing  between  the  cylinders  is 
made  greater  than  J  inch,  to  mini¬ 
mize  the  effects  of  capillary  action. 
By  varying  the  contours  of  the  cyl¬ 
inders,  or  the  spacing  between 
them,  the  capacitance  per  inch  of 
length  of  the  primary  detector  can 
be  varied  over  a  rather  wide  range. 
This  feature  permits  the  distribu¬ 
tion  of  the  indicator  scale  to  be 
somewhat  independent  of  the  shape 
of  the  fuel  tank,  which  is  a  char¬ 
acteristic  necessary  for  totalization. 

Suitable  damping  is  incorporated 
in  the  primary  detector  by  restrict¬ 
ing  the  rate  at  which  fuel  may 
enter  and  leave  the  concentric  cyl¬ 
inder  capacitor.  The  holes  through 
which  the  fuel  flows  are  small 
enough  to  prevent  sudden  changes 
in  fuel  level  within  the  capacitor, 
but  are  large  enough  to  render  un¬ 
likely  the  possibility  of  clogging 
by  solid  particles  in  the  tank.  This 
feature  provides  satisfactory  indi¬ 
cator  pointer  operation  in  rough 
air. 

Effects  of  changes  in  attitude  of 
the  aircraft  are  further  minimized 
by  using  three  variable-capacitance 
detector  units  located  at  different 
points  in  the  tank.  The  units  are 
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connected  in  parallel  and  the  indi¬ 
cator  calibration  is  adjusted  so 
that  tank  fuel  content  is  read  cor¬ 
rectly.  . 

Tests  have  shown  that  sufficient 
energy  is  not  available  at  the  pri¬ 
mary  detectors  to  cause  an  explo¬ 
sion  in  the  fuel  tank  if  a  short-cir¬ 
cuit  does  occur  at  this  point.  The 
primary  detector  is  connected  in  the 
low-energy  grid  circuit,  where  the 
only  power  available  is  from  the 
r-f  oscillator.  If  a  short-circuit  does 
occur,  the  oscillations  stop,  and  no 
energy  is  available  in  the  fuel  tank. 
Complete  details  of  the  system  were 
disclosed  by  D.  B.  Pearson  of  Gen¬ 
eral  Electric  Co.  at  a  recent  meeting 
of  AIEE. 
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Watch  Timer 


By  R.  S.  Mackay,  Jr. 

Department  of  Phyaies 
University  of  California 

and 

R.  R.  Soule 

University  of  California 
Berkeley,  California 


The  problem  of  indicating  in  a 
period  of  a  few  minutes  whether  a 
watch  is  running  fast  or  slow  calls 
for  some  means  of  timing  the  inter¬ 
val  between  ticks.  Since  most 
watches  tick  five  times  per  second, 
corresponding  to  5  cps,  a  precise 
frequency  indicator  or  comparator 
for  this  low  frequency  is  needed. 

A  standard  interval  timer  in 
which  a  capacitor  charges  during 
the  interval  between  two  successive 
ticks  is  not  a  satisfactory  solution 
because  it  does  not  give  the  average 
interval  between  ticks.  A  bent  tooth 
in  the  escapement  would  invalidate 
the  readings. 

It  is  possible  to  construct  a  reso¬ 
nant  circuit  tuned  to  5  cps,  but  sta¬ 
bility  seemed  somewhat  inadequate 
for  this  purpose.  A  heterodyne  ar¬ 
rangement  using  a  higher-fre¬ 
quency  high-Q  filter  seemed  cum¬ 
bersome.  A  standard  counting-rate 
meter  circuit,  in  which  a  small  con¬ 
stant  increment  of  charge  is  given 
a  large  capacitor  upon  arrival  of 
each  tick  impulse  and  the  total 
charge  is  measured  as  an  indication 
of  the  number  of  impulses  per  sec¬ 
ond,  also  appeared  uncertain  in  its 
limitations. 

The  method  actually  chosen  in¬ 
volves  stroboscopic  comparison  of 
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spinning  cathode  mounting  ring  and  cover  assembly 


fabricated  plate  electrolytic  capacitors. 


Electrolytic  Capacitors — standardized 
into  8  container  sizes  to  simplify  design 
and  assembly  problems. 


SINCE  the  early  days  of  radio  production,  leaders  in  the  field  have  selected 
Magnavox  loudspeakers,  capacitors  and  other  component  parts.  Know 
ing  that  their  radios  and  radio-phonographs  can  be  only  as  good  as  the 
parts  they  use,  they  order  components  by  Magnavox  —  the  standard  of  quality 


The  oldest  and  largest  quantity  producer 
of  quality  components  exclusively  for 
the  manufaauring  trade,  Magnavox  has 
achieved  a  breadth  of  "know  how”  expe 


rience  that  is  unsurpassed.  Today,  six 


acres  of  modem  plant  and  equipment, 
plus  a  competent  staff  of  trained  engi¬ 
neers  and  designers  stand  ready  to  apply 
their, skills  to  any  of  your  component 


problems.  Your  specifications  are  expertly 
studied  and  followed  exactly. 


When  you  need  loudspeakers,  capaci 
tors  and  other  components,  do  as  leaders 


in  the  held  have  done  for  more  than  32 


years  —  specify  the  name  Magnavox,  and 
you  get  the  best.  There  is  no  substitute 
for  experience!  The  Magnavox  Company, 
Components  Division,  Fort  Wayne  4,  Ind. 


Maan 

the  radio  e3  >nd 


has  served  the  radio  t#  industry  for  over  32  years 

SPEAKERS  •  CAPACI  T.ORS  •  SOLENOIDS  •  ELECTRONIC  EQUIPMENT 


Leading  Rodio  Manufacturers 
Specify  Components  by  Magnavox 
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FIG.  1 — Circuit  for  conTorttng  tick  of  watch 
or  othor  sound  into  a  flash  of  Uqht  for  com. 
paring  frequoncy  of  ticks  with  storadord 
froquoncy  sourco 

the  tick  rate  with  a  standard  fre¬ 
quency.  A  synchronous  motor  ro¬ 
tates  a  disk  at  a  speed  of  5  revolu¬ 
tions  per  second  and  is  illuminated 
by  a  flash  of  light  each  time  that  the 
watch  ticks.  If  the  watch  is  keeping 
correct  time,  the  .disk  appears  to 
stand  still;  if  the  watch  is  running 
fast,  it  appears  to  rotate  backward, 
and  forward  if  slow.  Furthermore, 
the  apparent  rate  of  rotation  is  a 
linear  measure  of  the  amount  of 
adjustment  necessary  for  correct 
timing. 

Strobotron  Cireuit 

The  electronic  problem  involved 
constructing  a  stroboscope  that 
would  flash  each  time  the  sound  of 
a  tick  was  picked  up  by  a  micro¬ 
phone.  The  circuit  developed  for 
this  purpose  is  shown  in  Fig.  1.  The 
strobotron  cold-cathode  gas-filled 
tube  serves  as  the  light  source.  A 
discharge  takes  place  whenever  the 
potential  difference  between  any 
two  of  its  electrodes  becomes  high 
enough.  Being  neon  filled,  the  dis¬ 
charge  (in  which  the  current  may 
for  an  instant  rise  to  many  am¬ 
peres)  is  accompanied  by  a  bright 
red  flash. 

In  the  circuit  shown,  the  6SF6  is 
normally  biased  to  cutoff.  An  im¬ 
pulse  from  the  microphone  allows 
current  to  flow  and  results  in  an 
abrupt  drop  in  the  potential  of  the 
plate.  A  negative  pulse  is  thus  ap¬ 
plied  through  a  capacitor  to  the 
inner  grid  of  the  strobotron,  driv¬ 
ing  this  grid  below  its  normal 
ground  potential.  Since  the  outer 
grid  has  been  maintained  at  its 
original  positive  potential,  the  re¬ 
sulting  increased  potential  differ¬ 
ence  between  grids  causes  a  break¬ 
down  in  which  the  4-/xf  capacitor 
discharges  through  the  tube.  The 
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pumps  write 


For  further  informotion 
on  the  MCF-700  and 
other  DPI  High  Vocuum 


For  New  High 
Speeds  in  the 
Lower  Pressure 


Ranges 


THE  MCF-700 
HIGH  VACUUM  PUMP 


PHYSICAL  DATA 


High  VaciHHn  Flong* . 6*  i.d.,  9'  o.d.  •'  bolt  clrdo 

PoroiMtinp  Flongo  .  .  .2%'  I.d.,  3%'  o.d.  3  5/16'  boH  clrdo 

Holght . 29' 

Length . 14' 

Width . 9' 

Conctrwctlon: 

CotIng . SoomloM  Stool 

Jot  Asfombly . AhindniNn  and  Stool 

Cooling . Wotor 

Weight . Approx.  40  Iba. 


WHEN  you  need  high  pumping  speeds  in  pressures  down  to  10'^  mm 
of  mercury,  the  performance  of  the  new  MCF-700  will  meet  your  speci¬ 
fications  exactly.  This  pump  delivers  from  100  to  500  liters  per  second 
in  the  range  of  lO-^  to  10-’  mm,  —  performance  unduplicated  by  any 
other  pumps.  Ruggedly  constructed,  the  MCF-700  operates  on  a  unique, 
self-conditioning  principle  which  keeps  the  fractionating  jets  operating 
at  top  efficiency.  The  tables  below  outlin.e  the  essential  features  of  this 
new  high  vacuum  pump.  ^ 


PPUATION  DATA 


00 

00 

00 

oo 

00 

»0 


PERFORMANCE 


Amount  of  Oil  .  . 
Rocommondod  Oil 
Foroprossuro .  . 
Hootor  Powor  . 
Hootor  Curront. 
Hootor  VoHogo 

Spood . 

UMmoto  Vacuum 


. 500  grama 

.  .  OctoU  or  OctoN-S 

. 0.10  mm 

....  too  ufotta 

. 7.0  amp. 

115  volta  A.C.  or  D.C. 

.  700  l/a 

.  5  X  10-7  at  25°  C. 


HIGH  VACUUM  IN  MM  OF  Hg 


«  Vacuum  Equipment  Division 

DISTILLATION  PRODUCTS,  INC. 

Rochester  13,  N.  Y. 


TUIES  AT  WORK  (cenHnutd) 

discharge  of  the  capacitor  lowers 
the  plate  and  outer  grid  potentials 
so  the  tube  can  deionize  and  ready 
itself, for  another  cycle.  The  RC 
constant  of  this  circuit  was  chosen 
to  minimize  spurious  flashes  due  to 
miscellaneous  noises. 

If  direct  mechanical  contact  is 
maintained  between  the  watch  and 
the  carbon  button  the  unit  will  work 
as  shown.  If  it  is  desired  to  let  the 
air-carried  sound  of  a  small  watch 
activate  the  microphone,  it  will  he 
necessary  to  interpose  a  stage 
of  capacitance-coupled  amplification 
between  the  microphone  transfor¬ 
mer  and  the  6SF5  tube.  A  carbon 
microphone  was  used  because  of  its 
high  output,  but  any  other  type 
could  be  made  to  work  as  well. 


rmo-CHAssis  constriction  offers  highest  quality,  maximum  flexibility 


Accuracy  of  Reading 
In  use,  a  mark  on  the  disk  at¬ 
tached  to  the  synchronous  motor  is 
observed  by  the  light  of  the  strobo- 
tron.  The  watch  error  for  a  given 
observation  period  can  be  marked 
directly  on  a  scale  in  front  of  the 
disk,  or  a  simple  chart  can  be  used 
to  indicate  the  error  in  terms  of  the 
time  required  for  turning  through 
some  given  marked  angle.  If,  for 
instance,  a  watch  gains  time  at  the 
rate  of  10  seconds  per  24-hour  day, 
the  spot  will  appear  to  rotate  one 
revolution  backward  in  28.8  min¬ 
utes.  With  a  five-minute  observation 
period  the  rotation  would  be  62.5  de¬ 
grees,  which  is  more  than  enough 
for  an  accurate  observation. 

The  accuracy  of  the  device  is  of 
course  no  greater  than  the  stability 
of  the  standard  comparison  fre¬ 
quency  which  is  driving  the  syn¬ 
chronous  motor.  In  certain  local¬ 
ities  the  60-cycle  line  frequency  is 
accurately  enough  controlled  even 
over  short  intervals  to  permit  con¬ 
necting  a  24-tooth  synchronous  mo¬ 
tor  directly  to  the  line  for  a  rough 
check,  giving  a  compact  unit.  Where 
the  regulation  is  poorer  or  greater 
accuracy  is  desired,  the  motor  must 
be  driven  by  some  form  of  stabilized 
oscillator,  such  as  a  tuning  fork 
unit  or  a  quartz  crystal  oscillator 
with  a  frequency  divider.  The  motor 
itself  must  maintain  constant  speed 
during  any  reasonable  voltage 
changes. 

Two-Watch  Method 
An  accurate  watch  or  chronom¬ 
eter,  if  available,  can  serve  in  place 


DYNAMIC  NOISE  SUPPRESSOR 
WIDE  RANGE  AMPLIFIER 


FISHER  RADIO  CORPORATION  •  43  EAST  47TH  ST.,  NEW  YORK 
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extremely  Low  Flow  Point  1150° F 
SxcBlIent  Wetting  Properties 
High  Bond  Strength 
High  Fatigue  Resistance 
Corrosion  Resistant 
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General  Plate  Lo-Flo  154  is  an  ultra  low-flowing  silver  solder 
that  greatly  exceeds  other  silver  solders  in  wetting  properties.  For  that 
reason  and  because  it  contains  45%  silver,  Lo-Flo  154  is  more 
economical  than  conventional  solders  that  contain  50%  silver. 

Besides  its  low  flow  point  of  1150®  F,  this  silver  solder  gives  you 
high  bond  strength  and  corrosion  resistance.  General  Plate  Lo-Flo 
154  will  increase  production  and  save  you  money.  It 
is  available  in  a  variety  of  forms  for  pre-positioning  such  as  strips, 
washers,  etc.  Write  for  complete  information,  today. 


of  Motali  and  Controls  Corporation 
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TUBES  AT  WORK 


(continued) 


of  a  standard  frequency.  A  double 
microphone  input  to  the  strobotron 
tube  is  then  used.  The  synchronous 
motor  speed  need  be  only  approxi¬ 
mately  five  revolutions  per  second. 
One  microphone  is  placed  near  the 
chronometer,  while  the  other  is  ex¬ 
posed  to  the  watch  under  test.  Two 
dots  appear,  one  due  to  each  source. 
If  the  angle  between  the  dots  re¬ 
mains  constant  with  time,  correct 
timing  of  •the  watch  under  test  is 
indicated.  If  not,  the  rate  of  change 
of  this  angle  is  a  measure  of  the 
degree  of  maladjustment. 

If  desired,  a  time  delay  circuit 
'can  be  inserted  in  one  microphone 
channel  to  shift  one  dot  to  a  con¬ 
venient  position  for  observation  rel¬ 
ative  to  the  other.  This  can  be  made 
variable  and  used  to  time-delay  the 
dots  into  coincidence  and  then,  after 
a  measured  time,  bring  them  back 
into  coincidence  again.  Once  it  was 
Calibrated,  the  time  delay  control 
knob  would  give  directly  the  error 
in  seconds  per  day.  Time  delay,  in¬ 
troduced  in  a  mechanical  or  an  elec¬ 
tronic  manner,  can  similarly  be  used 
in  the  original  set-up  by  twice 
bringing  the  dot  to  some  fixed  refer¬ 
ence  point.  The  delay  time  need  not 
be  known  too  accurately,  since  a 
'  small  error  in  it  merely  produces  a 
small  error  in  the  presumably  al¬ 
ready  small  necessary  correction  in 
timing. 

The  variable  time  delay  can  be  a 
properly  constructed  one-kick  mul¬ 
tivibrator  or  a  welding  type  interval 
timer  in  which  a  given  number  of 
cycles  from  an  oscillator  determines 
the  end  of  the  delay  period. 

For  variation,  the  tick  pulses  of 
the  two  watches  can  be  fed  into 
a  two-tube  trigger  circuit  having 
two  stable  states  of  equilibrium, 
in  which  one  tube  or  the  other  is 
conducting  but  not  both.  An  im¬ 
pulse  shifts  conduction  to  the  other 
tube.  Since  two  successive  impulses 
would  always  arrive  one  from  one 
source  and  one  from  the  other,  the 
length  of  time  during  which  the 
second  tube  conducts  is  proportional 
to  the  phase  difference  existing  be¬ 
tween  the  two  sources.  The  rate  of 
change  of  this  time  then  measures 
the  error  of  the  watch. 

If  conduction  in  the  second  tube 
is  used  to  apply  a  constant  small 
positive  voltage  to  the  grid  of  a 
cut-off  pentode  having  fixed  screen 


All  Arkwright  Tracing  Cloths 
havo  thoso  6  important  advantages 

1  Erasttres  re-ink  without  ^'feathering" 

7  Prints  are  always  sharp  and  clean 

3  Tracings  never  discolor  or  become 
brittle 

4  No  surface  oils,  soaps  or  waxes  to 
dry  out 

5  No  pinholes  or  thick  threads 

6  Mechanical  processing  creates  per¬ 
manent  transparency 


AMERICA’S  STANDARD  FOR  OVER  25  YEARS 
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INFUT  TRANSFORMERS 


Characteristic  of  New  Full 

Frequency  Range  Input  and  Output  Transformers 

They  provide  response  within  db  over  the  full  range  from 
30  to  15,000  cycles  . . .  and  response  within  db  up  to  20,000 
cycles.  That’s  tested  performance  .  .  .  not  just  a  curve. 

Their  percentage  of  distortion  is  exceptionally  low  over  the 
full  range  ...  at  low  as  well  as  high  frequencies. 

They’re  Sealed  in  Steel  to  protect  the  delicate,  fine  wire 
coil  windings  against  corrosion  by  atmospheric  moisture.  'The 
drawn  steel  cases  are  compact  and  streamlined  . . .  help  achieve 
a  clean,  uncluttered  appearance  for  any  gear. 

Input  units  have  hum-bucking  core  construction  and  addi¬ 
tional  inner  cases  of  special  alloy  for  hum  shielding  of  —70  dbm 
or  better. 


For  250-watt,  1-KW,  and  5-KW  Transmitters 

Matched  sets  of  Driver  and  Modulation  Transformers,  and 
Modulation  Reactors,  Response  within  +1  db  over  the  Full 
Frequency  Range  of  30  to  1 5,000  cycles.  Distortion  very  low . . . 
well  within  FCC  limits  for  transmitters. 


A~.iir.iiAn  Impedance  Mi3l  Power 

Appiicatton  Primary — Secondary  Level 

Line  to  Single  or  -Pri. — 600/lsO  ohms  CT 

P.P.  Grids .  *Sec. — 50,000  ohms  CT. . . .  -|-20  dbm. 

Line  to  Single  or  *Pri. — 600/150  ohms  CT 

P.P.  Grids .  ‘Sec. — 50,000  ohms  CT. . . .  -|-20  dbm. 

Line  bridging  to  *Pri. — 8,000/6,000  ohms  CT 

P.P.  Grids .  ‘Sec. — 50,000  ohms  CT. . . .  -|-20  dbm. 

•Pri.  — 600/150  ohms  CT 

Line  to  line .  *Sec.— 600/150  ohms  CT..  -f 20 dbm. 

•Pri.— 600/150  ohms  CT 

Line  to  line .  ‘Sec. — 600/150  ohms  CT..  -|- 30  dbm. 

Interstage— P.P.  Plates  to  ‘Pri. — 20,000  ohms  CT 
Single  or  P.P.  Grids. .  ‘Sec. — 50,000  ohms  CT....  -f 20 dbm. 

OUTPUT  TRANSFORMERS 

Anniirxinn  Impedance  Max.  Power 

Application  Primary— Secondary  Level 

Pri. — 15,000  Ohms  at  0  to 
10  ma  d-c . 

Single  Plate  to  Line....  'Sec. — 600/150  ohms  CT..  -|- 20 dbm. 

•Pri. — 20.000  ohms  CT. . . . 

P.P.  Plates  to  Line .  •Sec.— 600/150  ohms  CT  -f  30  dbm. 

Pri. — 5,000  ohms  CT . 

P.P.  Plates  to  Line .  ‘Sec. — 600/150  ohms  CT..  -f 40 dbm. 

Pri. — 7,500  ohms  CT . 

P.P.  Plates  to  Line .  •Sec. — 600  150  ohms  CT; .  +43  dbm. 

Pri.— 10,000  ohms  CT.... 

•Sec.— 600/150  ohms  CT; 

P.P.  Plates  to  Line .  16/8/4  ohms .  +37  dbm. 

JSas  tertiary  winding  to  p«v4de  iS'"/*  inverse 
•Split  and  balanced  windings. 


Line  to  line . 

Interstage — P.P.  Plates  to 
Single  or  P.P.  Grids.. 


Application 


Single  Plate  to  Line.. 


TUIES  AT  WORK 


(coaniiued) 


voltage,  then  the  average  plate  cur¬ 
rent  of  a  pentode  (which  is  a 
constant-current  device)  is  a  meas¬ 
ure  of*  the  time  between  pulses  and 
the  rate  of  change  of  this  current  is 
a  measure  of  the  error.  A  pulse 
shaper  should  be  introduced  to  pre¬ 
vent  erratic  operation  if  the  two 
pulses  come  almost  exactly  into 
phase.  As  before,  an  accurate  S-cps 
oscillator  could  replace  the  chronom¬ 
eter. 

All-Electronic  Timer 

A  cathode-ray  tube  may  be  used 
in  place  of  the  synchronous  motor  if 
an  all-electronic  watch  timer  is  de¬ 
sired.  An  accurately  controlled  fre¬ 
quency  that  is  some  small  integral 
multiple  of  5  cps  is  passed  through 
a  90-degree  phase  shifter,  and  the 
resultant  equal-amplitude  voltages 
are  applied  to  the  two  sets  of  deflect¬ 
ing  plates  of  a  cathode-ray  tube,  as 
shown  in  Fig.  2.  It  is  thus  possible 
to  produce  a  circular  trace  that 
makes  one  revolution  in  the  period 
between  ticks  for  a  5-cps  standard, 
or  two  revolutions  for  a  lO-cps 
standard. 

The  grid  of  the  cathode-ray  tube 
is  biased  so  no  electrons  get  through 
(no  spot  is  produced)  until  a  suit¬ 
ably  amplified  sound  impulse  is  ap¬ 
plied.  Thus  a  glowing  spot  will  ap¬ 
pear  at  each  tick  just  as  with  the 
mechanical  scheme,  and  will  appear 
to  drift  in  a  similar  manner  for  an 
unadjusted  watch.  One  disadvan¬ 
tage  of  this  method  is  the  number 
of  extra  tubes  needed  to  divide  the 
known  frequency  down  to  a  usable 


FIG.  2  Alternate  indicating  means, 
cathode-ray  tube  in  place  synchronous 

motor 
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POLYDIRECTIONAL  PERMEABILITY  CHART 


SCAU  FOR  CURVE  I 


dress  The  American  Rolling 


Miil  Co.,  368  Curtis  Street, 


Middletown,  Ohio. 


Newest  development  of  Armco  Research  Is  a  group  of 
oriented  electrical  steel  grades  known  as  Armco  Tran- 
Cor  X,  XX  and  XXX. 

They  make  possible  the  design  of  lighter  cores  with 
higher  operating  inductions.  And  they  give  the  trans¬ 
former  designer  three  cold-reduced  grades  with  these 
unusual  advantages:  lower  core  loss  concurrent  with 
higher  permeability  in  the  rolling  direction,  and  a  higher 
space  factor.  Heretofore,  lower  core  loss  has  been  ob¬ 
tained  only  at  the  expense  of  permeability. 

All  Armco  oriented  electrical  steels  are  Cariite  In¬ 
sulated.  Carlite  Insulation  assures  minimum  inter-lam 
inotion  loss.  This  special  surface  treatment  also  increases 
rust-resistance  and  improves  shear  and  die  life.  Its  ex 
treme  thinness  has  practically  no  effect  on  space  factor. 

The  new  grades  are  rolled  .014"  thick  only.  They  are 
supplied  in  30-inch  wide  coils,  or  in  slit  coils  down  to  1 
and  in  sheets  30  3A"  x  120". 


MAXIMUM  CORE  LOSSES 


ARMCO  TRAN-COR  X  .  1.00  watt  per  pound 

ARMCO  TRAN-CoR  XX  . 0.90  watt  per  pound 

ARMCO  TRAN-CoR  XXX . 0.80  VNitt  per  pound 


Core  lots  tests  on  Armco  oriented  electrical  steels  ore  made 
at  an  induction  of  96,750  lines  psi.  (15  kllogausses).  Test 
limits  ore  based  on  the  general  testing  procedure  opproved 
by  the  Americon  Society  for  Testing  AAoterials,  except  that 
parallel-grain  specimens  are  given  a  stress-relieving  anneal 
after  shearing. 


GET  THIS  BOOKLET 

If  you  can  profit  from  the  advantages  of  these  new 
steels  in  your  electrical  products,  write  for  additional 
information.  We  shall  be  glad  to  send  you  a  copy  of  the 
booklet  "Armco  Oriented 


Electrical  Steels."  Just  ad 


NEW! 

Oriented  Steels 
with 

LOWER  Core  Loss 
and 

HIGHER  Permeability 
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lAllANflNE  ELECTRONIC  VOLTMETER 

DECADE  AMPLIFIER  and  MULTIPLIER! 


A.C.  VOLTS 


MODEL  300 
ELECTRONIC 
VOLTMETER 


MODEL  402 
MULTIPLIER 


•inco  1935 


Hto  only  VOLTMETER 
footuring  o  Mmplillorl 
LOGARITHAAIC  SCALE 


10  MICROVOLTS  to  10,000  VOLTS 


ONE  BILLION  TO  ONE— 'This  enormous  range  of 
AC  voltages  —  is  easily  covered  by  the  Model  300 
Voltmeter,  Model  220  Decade  Amplifier  and  Model 
402  Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  frequency 
range  of  10  cycles  to  150  kilocycles.  The  Model  300 
Voltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated) 
supplies  accurately  standardized  gains  of  lOx  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,000  and  10,000  volts  full  scale. 

Descriptive  Bulletin  No.  10  Available 

BALLANTINE  LABORATORIES,  INC. 

•OONTON,  NEW  JERSEY,  U.S.A. 


sure  drops,  the  gage  conducts  and 
the  eye  opens  and  remains  open  un> 
til  the  preset  pressure  is  reached. 
With  the  arrangement  shown,  by 
adjusting  the  7,000-ohm  potentiom¬ 
eter,  the  reclosing  pressure  can  be 
selected  in  the  range  from  70  mi¬ 
crons  down  to  about  lO"*  micron  (7 
X  10'*  mm  to  1  X  lO"*  mm)  of  mer¬ 
cury.  The  action  of  any  one  unit 
depends  on  gage  tube  construction, 
voltages  used,  and  the  series  re¬ 
sistor.  The  technique  can  be  ex¬ 
tended  to  a  relay  operated  by  an 
amplifier  tube. 

(1)  P.  M.  Penning,  Phyaica,  p  873,  s. 
1936  ;  p  71,  4,  1937. 


Stabilizilig  Frequency  of 
Reflex  Oscillators 

By  Gborgb  G.  Bruck 

Research  Physicist 
Specialties,  Inc. 

Byosset,  N.  Y. 

Microwave  generators  can  be 
stabilized  in  frequency  in  several 
ways.  The  method  to  be  described 
is  advantageous  in  that  it  is  all 
electronic,  uses  fewer  circuit  com¬ 
ponents  than  some  methods,  and 
incorporates  several  simplifications 
of  the  plumbing.  Used  with  a  10- 
kmc  oscillator,  this  circuit  main¬ 
tains  the  frequency  within  one  part 
in  10*. 

Duplex  Heterodyne 

The  operating  principle  can  be 
followed  through  the  block  diagram. 
Microwave  energy  from  the  oscil¬ 
lator  enters  the  main  waveguide  6 
by  way  of  the  probe  P  and  flows  in 
the  indicated  direction.  The  energy 
is  tapped  through  the  first  iris  L, 
which  admits  a  small  amount  of 
energy  to  the  upper  cavity  Ci.  This 
cavity  has  low  Q  (of  the  order  of 
1,000)  and  serves  chiefly  to  isolate 
the  subsequent  portions  of  the  cir¬ 
cuit  from  the  main  guide. 

A  fraction  of  this  energy  is  ad¬ 
mitted  to  the  first  crystal  Xx  (such 
as  a  1N/23B)  where  it  mixes  with 
energy  from  the  intermediate-fre¬ 
quency  amplifier  output  (approxi¬ 
mately  30  me).  The  resulting  sum 
(or  difference)  frequency  is  trans¬ 
ferred  into  the  second  cavity  C» 
through  the  third  iris  L.  This  cav¬ 
ity  has  a  high  Q  and  is  used  as  the 
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I-T-E  WIRE-WOUND  POWER  RESISTORS 

Stmndard  i!z«cf  raaiatora — from  S  to  200 
Watts 

Adjuatabla  resistors  from  10  to  200  Watts 

Ova/  reaiator  aaaembliea.  for  limited  space 
requirements- — from  30  to  75  Watts 

Ferrule  resistors,  for  connections  throuch 
fuse-clips  in  installations  where  rapid  in¬ 
sertion  and  retpoval  is  a  factor — from  13  to 
200  WattI 

Resistors  for  special  applications  made  to 
specifications.  I-T-B  Power  Resistors  are 
made  with  a  normal  tolerance  of  10%.  Tol¬ 
erances  of  5%  and  less  are  made  to  order. 


From  foundations  to  terminals,  I-T-E 

wire-wound  Power  Resistors  receive  the  same 
engineering  skill,  the  same  care  in  fabrication  that 
the  most  complicated  unit  of  switchgear  receives. 
The  result  is  a  superior  resistor  of  balanced 
design — ruggedly  built  for  dependable  perform¬ 
ance  over  a  long  period  of  heavy  service. 

In  the  construction  of  I-T-E  Resistors,  only 
the  best  non-hygroscopic  ceramics  are  used  for 
the  bases.  Double-leaf,  tinned-copper  tabs  form 
the  terminals  and  are  securely  fastened  to  the  base, 
lending  added  strength  for  subsequent  soldering 
operations.  The  purest  resistance  wires  obtain¬ 
able  are  precision  wound,  mechanically  tied,  and 
silver  soldered  at  high  heat  for  permanent,  solid 
connections.  The  overall  blue-black  vitreous 
enamel  coating  locks  and  insulates  the  wire  wind¬ 
ing — provides  fast  heat  dissipation. 


The  new  I-T-E  Resistor 
catalog  contains  com¬ 
plete  technical  specifica¬ 
tions  on  I-T-E  Resistors. 
Included  also  are  handy 
charts  and  formulas  for 
selecting  and  ordering 
resistors,  and  complete 
listings  of  I-T-E  sizes  and 
ratings.  Send  for  it 
today. 


POWER  RESISTORS 


The  Leader  In  Technical  Excellence 


I-T-E  CIRCUIT  BREAKER  CO..  RESISTOR  DIVISION.  19TH  I  HAMILTON  STS..  PHIUDELPHIA  30.  PA. 


SWITCHGEAR  .  UNIT  SUBSTATIONS  •  ISOLATED  PHASE  BUS  STRUCTURES  •  AUTOMATIC  RECLOSING  CIRCUIT  BREAKERS  .  RESISTORS  .  SPECIAL  PRODUCTS 
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OISCRIM- 

INATOR 


N.Y.T.  pow«i  trantfouncrt  or*  produced  to  proc> 
licolly  ovory  domottic  and  foreign  tpocifleotion. 
An  oiporioncod  onginooring  staff  is  roody  to  co< 
oporoto  in  tho  dovolopmont  of  o  unit  to  moot  tho 
roquiromonts  of  your  oquipmonl. 


AU  TYPES  Of  AUDIO  UNITS  .  .  . 
TMANSrORMtRS,  CHOKES,  flLTSRS 

N.Y.T.  onginoors  oro  specialists  in  tho  design  and 
production  of  audio  units  in  ovory  classification. 
High-fidolily,  communication,  and  special  typos 
con  bo  supplied  in  ony  size  or  shape;  with  o/ 
without  hermetic  sealing. 


INDUCTANCE  DECADES 

N.Y.T.  inductonce  decodes  ore  available  with  total 
inductances  of  from  .01  henry  to  1000  henries. 
Values  ore  accurate,  characteristics  permanent  and 
design  is  convenient.  Series  200  is  recommended 
for  Bridge  and  low  level  Filter  Circuits;  Series  300 
for  laboratory.  Shop  or  Test  Bench  use.  literature 
available  on  request. 


GENERATOR 


Complete  fecilitiet  for  production  of 
tramformert,  choke*  and  filter*  in  larfe 
or  *inall  quantitie*.  Rigid  quality  con¬ 
trol  at  every  *tage  of  manufacture  in- 
*ure*  abeolute  conformance  with  all 
electrical  and  mechanical  epecifica- 


tion*.  Delivene*  can  be  timed  to  meet 
the  cu*tomer’*  production  requirements. 
Estimate*  given  without  obligation — 
call  or  write  on  company  letterhead  for 
complete  information. 


(continued) 


THE  ELECTRON  ART 


Bficrowave  plumUag  la  shown  pictorially 
in  block  diagram  of  stabilizer 


SPECIAL  INDUCTIVE  COMPONENTS 
FOR  PULSE  MODULATION  A  RADAR 

N.Y.T.  offers  exceptional  ability  in  the  develop¬ 
ment  and  manufacture  of  components  for  special 
applications  including  coupling  units,  transform¬ 
ers,  chokes  and  filters  for  pulse  time  modulation 
and  radar  circuits. 


NEW  YORK  TRANSFORMER  CO.,  INC. 

tENERAl  OFFICES:  39  CHAMBERS  ST..  NEW  YORK  7,  N.  Y.-PUNT:  ALPHA,  NEW  JERSEY 


frequency  reference.  The  energy 
in  the  second  cavity  is  coupled 
through  the  forth  iris  I,  to  the 
second  crystal  Xi  where  it  is  mixed 
with  energy  from  the  first  cavity 
coming  through  the  fifth  iris  U 
The  result  is  the  intermediate  fre¬ 
quency,  which  is  returned  to  the  i-f 
amplifier  input  to  produce  oscilla¬ 
tion  through  the  system  at  or  near 
the  intermediate  frequency. 

Oscillation  occurs  only  if  the  mi¬ 
crowave  generator  delivers  suffic¬ 
ient  power  to  the  mixer  crystals, 
which  condition  is  dependent  upon 
the  coupling  of  the  irises.  Because 
the  crystals  require  voltages  of  a 
given  magnitude  for  best  operation 
as  mixers,  the  irises  have  optimum 
size,  but  are  not  critical.  The 
choice  of  cavity  and  coupling  in  the 
upper  section  should  be  such  as  to 
sufficiently  attenuate  the  uhf  gen¬ 
erated  in  the  first  crystal,  so  that 
feedback  through  any  channel  but 
the  high  Q  cavity  is  avoided.  Using 
the  highest  possible  i-f  will  make 
attenuation  of  this  uhf  easier. 

Criteria  for  Oscillation 

The  system  will  oscillate  at  the 
nominal  frequency  of  the  amplifier 
if  the  phaseshift  through  the  two 
crystals  and  the  second  cavity  is 
zero.  A  change  in  phaseshift  will 
change  the  intermediate  frequency. 
If  /,  is  the  original  microwave  fre¬ 
quency,  fi  is  the  heterodyne  fre¬ 
quency  produced  in  the  first  crystal 
and  to  which  the  second  cavity  is 
resonated,  /,  is  the  nominal  fre¬ 
quency  of  the  amplifier,  8,  is  the 
phaseshift  in  the  second  cavity  and 
its  associated  couplings,  and  8,  is 
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COllOIDS 


Travels  the  Circuit! 
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Decause  of  its  unusual  properties  Acheson 
**dag**  colloidal  graphite  is  constantly  find¬ 
ing  new  uses  in  the  electronic  industry.  Aque¬ 
ous  dispersions  of  colloidal  electric  -  furnace 
graphite  may  be  employed  to  form  films  which, 
in  addition  to  being  tenaciously  adsorbed,  possess 
low  coefficients  of  expansion  and  friction.  They 

it 

are  non-fusible,  opaque,  chemically  inactive,- 
electrically  conductive,  good  conductors  of  heat, 
effective  thermal  radiators,  low  in  photoelectric 
sensitivity,  and  capable  of  acting  as  gas  absorbers. 

In  Cathode~Ray  Tubes,  such  as  the  one  shown  at  the 
right,  ‘*dag**  colloidal  graphite  serves  as  a  conductor 
and  as  an  accelerating  electrode,  excludes  external  light, 
and  reduces  light  reflection  from  the  filament. 

Give  Acheson  Colloids  engineers  the  opportunity  to  talk 
with  you  about  your  own  specific  problems. 


Courtaiy 
Allan  S.  DuMont 
loborofories,  Ine. 


Other  APPLICATIONS  for 
**dag**  colloidal  graphite: 

rMittanc**  Q 

•lactToilatic  thtoMliis  O 

corona  provonHon  O 

dry  lobricoOns  fllax  Q 

dio  tobricont  in  tongslon  wiro  drowinu  O 
coMonKnu  tongilon  filowonH  Q 

coppor  oxldo  roctifior  diK  coatings  O 

Chock  Toor  totofost  cwd  MkiH  Today 


DEPT.  BBS 


ACHESON  COLLOIDS 
CORPORATION 


ANOTHEK  PIOKESEIMO  VEMTUEE 


THE  ELECTRON  ART  (coatlwnR) 

the  phaseshift  in  the  amplifier  and 
its  associated  elements,  then  /•  = 
A  db  A  and,  for  oscillation,  -f 
S,  =  0,  ^ith  the  second  cavity  tuned 
to  ft.  Furthermore,  where  Qt  is 
the  loaded  Q  of  the  second  cavity,  S, 
near  resonance  is 

8,  ~  2(A<0,/(i)t)Qt 

where  A<d,  is  the  deviation  from 
resonance.  By  introducing  Qt,  de¬ 
fined  as  the  equivalent  over-all  Q  of 
the  amplifier,  8.  can  be  expressed  as 
8,  2(Ao>./(i>,)Q, 

Using  these  expressions  for  phase 
shift  in  the  criteria  for  oscillation, 
selecting  the  positive  sign,  and 
simplifying,  one  obtains  an  expres¬ 
sion  for  the  frequency  deviation  of 
the  amplifier 


W  1 

YIORI-P  1 

10V»I 
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If  the  negative  sign  is  taken,  all 
terms  of  the  righthand  side  of  the 
equation  are  negative.  There  are 
two  other  possible  combinations  of 
signs,  but  they  represent  unstable 
conditions. 

For  the  relationship  between  fre¬ 
quency  deviation  of  the  amplifier 
and  the  microwave  oscillator  to  be 
independent  of  the  circuit  elements, 
Qt  must  be  small;  that  is,  the  phase 
changes  very  little  with  frequency 
near  resonance;  Q,  can  be  made 
zero  over  an  appreciable  bandwidth, 
which,  although  not  indespensable, 
is  desirable.  Almost  any  30-mc 
radar  i-f  strip  can  be  adapted  for 
the  purpose,  giving  an  i-f  deviation 
approximately  half  the  microwave 
deviation,  which  is  favorable  for 
proper  stabilization.  Because  grid 
current  in  the  amplifier  will  cause 
noticable  detuning,  such  nonlinear 
elements  as  Thermistors  or  Thy- 
rites  should  be  introduced  to  limit 
the  amplitude  of  oscillations  so  that 
detuning  is  unnoticeable. 


/Vgain  and  again  Kinney  High  Vacuum  Pumps  are  selected  for  important 
projects  in  the  ever-widening  field  of  low  pressure  processing.  In  this 
new  high  vacuum  Rotary  Fractionating  Still,  manufactured  by  National 
Research  Corporation,  Cambridge,  Mass.,  the  Kinney  Vacuum  Pump  is  an 
integral  part  of  the  compact  unit  and  backs  a  difFusion  pump  to  maintain 
exwemely  low  absolute  pressures  for  the  fractional 
separation  of  liquids  at  relatively  low  temperatures. 

Kinney  High  Vacuum  pumps  are  widely  accepted 
for  dependable  low  pressure  processing  in  Industry— 
from  exhausting  lamps  and  tubes  to  dehydrating 
food,  producing  drugs,  sintering  alloy 
metals  and  performing  countless  other 
operations,  their  compact  design  saves 
floor  space  and  their  rapid  pump  down 
to  low  ultimate  pressures  shortens  pro¬ 
duction  time.  Kinney  Single  Stage  pumps 
create  and  maintain  low  absolute  pres¬ 
sures  to  10  microns;  Compound  pumps 
to  0.5  micron. 

Write  for  Bulletin  V45 


Oscillator  Control 

Recovery  of  information  from 
the  i-f  strip  is  straightforward. 
Any  discriminator,  separated  by  a 
buffer  stage,  supplies  sufficient  out¬ 
put  to  control  a  reflex  oscillator. 
The  oscillator  control  completes  a 
negative  feedback  loop  from  gener¬ 
ator  through  guide  to  first  cavity 
through  the  mixers  and  second  cav¬ 
ity  to  the  oscillating  i-f  amplifier, 
hence  through  the  discriminator 
back  to  the  generator.  Phaseshifts 


Kinnay 

Singn 
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Rump 


KINNEY  MANUFACTURING  COMPANY 

9S65  WASHINGTON  ST.,  lOSTON  30,  MASS. 

Nrw  York  *  Chicago  *  Philadelphia  *  Lot  Angelet  *  San  FranciKO 
FOREIGN  REPRESENTATIVES 

GENERAL  ENGINEERING  CO.  (RADCLIFFE)  LTD.,  Station  Works,  Rory  Road,  RodcliRe,  Lancashire,  England 
HORROCKS,  ROXBURGH  PTY.,  LTD.,  Melboorne,  C.  I.  Australia 
W.  S.  THOMAS  &  TAYLOR  PTY.,  LTD.,  Johannesburg,  Union  of  South  Africo 
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SHERRON’S  ELECTRO-MECHANICAL  LABORATORY 


Mechanical  accuracy  i$  indis*  totype  basis  for  electronics 
pensable  in  modern  electron-  manufacturers, 
ics  design.  Our  concept  of  its 

importance  -  in  terms  of  pre-  precision 

cision  control  and  fool-proof  '"“'''ines  and  tools  make  up 

operation  of  electronics  de-  *'’®  “PI”™*"*  ‘hi*  'obora- 

vices-is  demonstrated  in  our  shapers,  |ig 

oddition  of  the  Sherron  pre-  fea'ing  equip- 

cision  electro-mechanical  lab-  ^ 

oratory  complement  of  standards, 

,  gauges,  mechanical  measur- 
Humidity-temperature -and-  ;  i„,,u„ents. 

dust-controlled,  the  Sherron 

electro-mechanical  laboratory  Combined  with  Sherron’s  elec- 
is  fully  geared  to  solve  electro-  tronics  research  and  develop- 
mechanical  manufacturing  ment  laboratory,  sheet  metal 
problems  on  a  model  or  pro-  fabrication  facilities,  this  mod¬ 


ern  precision  electro-mechani¬ 
cal  laboratory  climaxes  the 
all-inclusive  electronics  service 
Sherron  offers  to  electronics 
manufacturers. 

Among  the  many  electro¬ 
mechanical  projects  this  de¬ 
partment  is  geared  for  are: 
(1)  Special  Development 
Precision  Wave  Guides;  (2) 
Computers;  (3)  Mechanical 
Equipment  for  Electronoptics; 

(4)  Vacuum  Tube  Structures; 

(5)  Precision  Tuning  Units;  (6) 
Precision  Drive  Mechanisms; 
(7)  Servo  Mechanisms. 
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Sherron 

Elecironict 


Division  of  Shorren  Motaiiic  Corporation 


1201  FLUSHING  AVENUE  •  BROOKLYN  6,  NEW  YORK 
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The  result  is  that  when  you  use  an  S.S.White  flexible 
shaft,  you  have  unlimited  freedom  in  designing  for 
both  optimum  circuit  efficiency  and  maximum  tuning 
convenience. 

If  you'd  like  the  full  story  about  flexible  shafts. 


WRITE  FOR  THE  FLEXIBLE  SHAFT  HANDBOOK 


I 


It  gives  facts  and  technical  data  about  flexible  shafts  and 
how  to  select  and  apply  them.  A  free  copy  will  be  sent  if 
you  write  for  it  on  your  business  letterhead  and  mention  your 
position. 


THI  S.  S.  WHITf  DiNTAl  MFG.  CO. 


INDUSTRIAL 


DIVISION 


wDtrT«  I  10  EAST  OOtli  ST..  NIW  TOOK  10.  N.  T.. 

MSIMI  «NAm  •  fUXIMI  tNAn  fOOiS  •  AltCIATV  ACCIftOtlCI 
MIMI  cwmilt  tOOIS  *  SHCIAI  fOOMVIA  tVetlXI 

nASTK  %ncmm  •  cownuhct  9%awk%  mok»m9 
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THE  ELECTRON  ART  (continwt) 

throughout  this  loop  must  not  in¬ 
troduce  f-m  oscillations  in  the  over¬ 
all  sj^tem. 

'Frequency  modulation  can  be  in¬ 
troduced  by  injecting  the  audio-fre¬ 
quency  signal  through  an  additional 
mixer  between  the  i-f  amplifier  and 
the  discriminator.  The  i-f  output 
(30  me)  is  mixed  with  a  frequency- 
modulated  auxiliary  oscillator  (10 
me)  ;  the*  resulting  difference  fre¬ 
quency  (20  me)  drives  the  discrim¬ 
inator.  Drift  in  the  auxiliary  oscil¬ 
lator  will,  of  course,  affect  the 
microwave  oscillator,  the  micro- 
wave  deviation  being  about  twice 
that  of  the  auxiliary  oscillator. 

The  complete  circuit  is  easy  to 
adjust  and  operate.  The  micro- 
wave  components  are  not  critical, 
can  be  assembled  in  advance,  and 
need  no  adjustments.  The  two  cavi¬ 
ties  can  be  coupled  mechanically  for 
tuning.  The  second  or  reference 
cavity  must  have  an  effective  Q 
higher  than  10,000  and  high 
thermal  stability;  it  is  preferably 
constructed  from  such  low  expan¬ 
sion  alloys  as  Invar.  The  coupling 
irises  should  be  small.  The  ampli¬ 
tude  control  of  the  i-f  amplifier 
must  keep  the  d-c  in  the  two  mixer 
crystals  constant.  In  testing  the 
circuit,  two  oscillators  w’ere  easily 
kept  within  100  cps  of  each  other. 
The  circuit  was  developed  while  the 
author  was  with  Raytheon  Mfg.  Co., 
Waltham,  Mass,  and  the  inventions 
are  assigned  to  that  organization. 


Superregenerative  Radar 

A  SIMPLE  SHORT-RANGE  RADAR  can 
be  constructed  using  a  superregen¬ 
erative  oscillator  with  an  externally 
controlled  quenching  circuit.  Oscil¬ 
lations  from  the  superregenator  are 
coupled  to  the  antenna  for  reflec¬ 
tion.  The  quenching  period  is  ad¬ 
justed  to  coincide  with  the  time  in¬ 
terval  between  transmission  of  a 
pulse  and  its  return  from  the  target 
or  obstacle.  Coincidence  can  be 
detected  by  the  cessation  of  the 
normal  superregenerative  hiss  w'hen 
the  echoes  are  returning  precisely 
when  the  quench  is  removed.  Under 
such  conditions,  the  echoes  domi¬ 
nate  the  noise  normally  present  at 
the  antenna.  Earphones  in  the  plate 
circuit  of  the  superregenerative 
transceiver  can  be  used  to  detect 
coincidence.  A  control,  calibrated 


r  LIMITATIONS  ( 

I  ON  EOUIPMENT  DESIGN  i 

r 


When  you  mount  a  tuning 

^ - ^  dial  directly  on  the  solid 

shaft  of  a  condenser  or 
other  variable  element, 
/  ^  position  of  the  dial  is 

j  definitely  limited. 

\  0"  S.S.White 

V  /  flexible  shaft,  it  is  obvious 

\.  that  all  the  limitations  on 

^  the  location  of  both  the 

element  and  its  control 
are  removed.  Each  can  be  positioned  independently 
of  the  other,  because  an  S.S.White  flexible  shaft  is 
designed  especially  to  transmit  rotary  movement 
smoothly  and  positively  between  two  points  regardless 
of  curves  or  distance. 
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90  West  St.^  New  York  6 
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200-B 


ARIACS  for 


Smooth  VOLTAGE  CONTROL 


•  THE  VARIAC*  —  the  original  continuously-adjustable  auto¬ 
transformer  —  is  the  ideal  device  for  controlling  any  a-c  oper¬ 
ated  equipment.  VARIACS  not  only  supply  perfectly  stepless 
control  of  voltage  from  zero,  but  also  supply  output  voltages 
17%  above  line  voltage.  VARIACS  are  correctly  designed  for 
many  years  of  trouble-free  operation.  Data  below  are  for 
single-phase  operation.  Polyphase  assemblies  are  available. 


SINGLE-PHASE  DATA 


OUTPUT 


RATED 

AMPS. 

MAX. 

AMPS. 

OUTPUT 

VOLTAGE 

KVA 

1 

1.5 

0-115 

0-135 

.170 

PRICE 


115 

5 

7.5 

0-115 

0-135 

.862 

(1) 

(2) 

(3) 

V-5 

V-3M 

V-SMT 

ia.50 

20.50 

25.00 

230 

2 

2.5 

0-230 
0-270  - 

.575 

(1) 

(2) 

V-3H 

V-5HM 

V-3HMT 

21.00 

23.00 

27.50 

115 

10 

15 

0-115 

0-135 

1.725 

(1) 

(2) 

(3) 

V-10 

V-IOM 

V-10MT 

33.00 

35.50 

40.00 

230 

4 

5 

0-230 

0-270 

1.15 

(1) 

(2) 

(3) 

V-10N 

V-10HM 

V-10HMT 

34.00 

36.50 

41.00 

*The  trade  name  VARIAC  is  registered  at  the  U.  S.  Patent  Office. 
VARIACS  are  patented  under  U.  S.  Patent  No.  2,009,013  and  are 
manufactured  and  sold  only  by  General  Radio  Company  or  its  authorized 
agents. 


115 

20 

30 

0-1  IS 
0-135 

3.45 

(4) 

V-20M 

55.00 

230 

8 

10 

0-230 

0-270 

2.3 

(4) 

V-20HM 

55.00 

( 1 )  Unmounted  model. 

1 2 )  Protective  case  around  windings. 

(3)  Protective  case,  terminal  cover,  line  switch,  convenience  outlet  and 
6- foot  line  cord. 

(4)  Protective  case,  terminal  cover  and  BX  outlet. 

(5)  Two  gang  assembly — requires  type  50-PI  Choice  — $10.00 


1.5 

40 

45 

0-115 

5 

(4) 

— 

50- A 

140.00 

80 

90 

0-135 

10 

(5) 

50-AG2(5) 

310.00 

230 

20 

31 

0-230 

7 

(4) 

50- B 

140.00 

40 

62 

0-270 

14 

(5) 

50-BG2(5) 

310.00 

NEPAL  RADIO  COMPANY 

Cambridge  39,  Massachusetts 


920  S.  Michigan  Ave.,  Chicago  5 


950  N.  Highland  Ave.,  Los  Angeles  3S 
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THE  ELECTRON  ART 


(cMitiniwd) 


Ofleilnq  the  dual  advantage  oj^  easy,  solderless  assembly 
and  a  constant  impedanceof  51.5  ohms, this  new  ANDREW 
FM  tv  line  is  ovailable  in  four  diameters.  Each  line  fully 
meets  official  RMA  standards.  It  also  is  recommended  for 
AM  I nstallot lOns  of  5  Kw  or  over. 

Fobncoted  m  twenty  foot  lengths  with  brass  connector 
flonges  silver  brazed  to  the  ends,  sections  are  easily  bolted 
together.  A  circular  synthetic  rubber  O  gasket  effec 
lively  seals  the  tine.  Flu*  corrosion  and  pressure  leaks  are 
avoided.  A  bullel-shoped  device  positively  connects  inner 
conductors. 

Close  tolerances  are  -  maintained  on  characteristic  im- 
pedonce  in  both  line  ^nd  fittingr,  assuring  an  essentially 
flat  transmission  lin^  system. 

Mechanically  and  eleitricolly  belter  thon  previous  types, 
this  new  line  has  steatite  insulators  of  exceptionally  low 
•loss  factor.  Both  inner  and  outer  conductors  of  all  four 
sizes  are  of  copper  having  very  high  conductivity. 

Flanged  45  and  90  degree  elbow  sections,  and  a  complete 
line  of  accessories  and  fittings  available 

Better-  be  safe,  thon  sorry  Avoid  costly  post-inslallafion 
line  changes.  Get  complete  technical  dota,  and  engineer¬ 
ing  advice,  from  ANDREW  now. 


ATTENUATION 

CURVE 

thewt  total  loti  plot  10%  dorotino 
factor  to  allow  for  rotistonco  of  jointt 
and  dotoriorallon  with  limo. 

Four  diomotori  ovoilabioi  • 
314"— ly,"  and 


in  distance,  can  be  used  to  adjust 
the  quench  frequency  for  minimum 
noise  in.  the  earphones,  or  the  con¬ 
trol  can  be  preset  and  the  circuit 
used  to  give  an  automatic  warning 
of  the  approach  of  a  reflecting  body 
within  a  given  distance  of  the  set. 
(British  Patent  No.  581982,  A.  C. 
Cossor,  Ltd.,  and  F.  R.  W.  Straf¬ 
ford) 


Optimum  Conditions  for  an 
R-C  Oscillator 

By  H.  a.  Whale 

Research  Department 
Auckland  Industrial  Development  Lah. 

Auckland,  Neu)  Zealand 

Resistanc e-capacitance  net- 
WORKS  of  the  type  shown  in  Fig.  1 
occur  in  many  electronic  circuits. 
The  network  is  used  in  feedback  os¬ 
cillators  of  the  Wein  bridge  type, 
in  which  case  the  components  can 
be  proportioned  in  accordance  with 
relations  presented  in  this  discus¬ 
sion  to  provide  optimum  frequency 
stability.  Although  these  relations 
are  derived  for  the  pai^icular 
bridge  oscillator  under  examina¬ 
tion,  they  are  also  valid  for  a  re¬ 
sistance-capacitance  amplifier  made 
frequency  selective  by  choice  of  cou¬ 
pling  or  where  feedback  is  used  to 
give  an  amplifier  having  rejection 
for  a  narrow  band  of  frequencies. 

Wein  Bridge  Oscillator 

In  the  common  R-C  cathode-cou¬ 
pled  oscillator  of  the  Wein  bridge 
type',  the  components  of  the  feed¬ 
back  network  are  proportioned  so 
that  RiCi  equals  under  which 
condition  the  ratio  of  output  volt¬ 
age  Et  to  input  voltage  Ei  varies 
with  frequency  in  the  manner 


Pioneer  Specialists  In  the  Monufacfi/re  of  a  Complete  Line  of  Antenna  Equipment 

FIG.  1 — Circiiil  under  consideration  is 

1  common  to  mony  applications 

8 

February.  ?94«— ELECTRONICS 

opens  at  overvoltage  between  termi¬ 
nals  and  between  terminals  and  case 
.  .  .  and  measure  the  capacitance  of 
every  single  unit . . .  and  then  check 
every  single  capacitor  to  see  that  it 
has  an  air-tight,  leak-proof  hermetic 
seal. 


.  i .  and  on  the  capacitors  during 
manufacture. 

. . .  and  then,  finally,  on  every,  single 
capacitor  before  shipment. 

SPECIALTY  CAPACITORS 

General  Electric  makes  a  wide  vari¬ 
ety  of  specialty  capacitors,  all  of 
which  must  pass  similar  comprehen¬ 
sive  tests.  For  full  information  en 
types,  ratings,  dimensions,  types  of 
mounting,  and  prices,  address  the 
nearest  General  Electric  Apparatus 
Office  or  Apparatus  Department, 
General  Electric  Company,  Schenec¬ 
tady  ^N.Y. 


test  the  paper  for  density . . .  thickness 
. . .  porosity  .  .  .  power  factor  .  .  . 
chloride  content  .  .  .  dielectric  con- 
dielectric  strength. 

And  then  test  the  foil  for  thickness  .  .  . 
purity  .  .  .  softness  of  the  anneal  .  .  . 
freedom  from  oil  .  .  .  cleanliness  of 
surface  .  .  .  absolute  smoothness. 

And  then  test  the  liquid  dielectric  for 

specific  gravity . . .  viscosity . . .  power 
factor  . . .  color  . . .  acidity  . . .  flash 
point .  .  .  dielectric  strength  ...  di¬ 
electric  constant . . .  insulation  resist¬ 
ance  . . .  water  content. 

And  after  that,  test  every  single  finished 
capacitor  for  shorts,  grounds,  and 


stant 


buy  General  Electric  capacitors... which 
have  already  passed  every  one  of 
these  tests 

...  on  the  materials  when  they  were 
made. 

. . .  and  again  before  they  were  used. 
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Indwctriel  control  Noch  photoprophy 

Radio  flhora  Streboocopk 

RcKlor  «|«ipn|onl 
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woldins  bnpvlM  powroton 

AND  MANY  OTHER  APPLICATIONS 


Lwminoeo-tubo 

IroMfonnor* 


electronics  — febroory,  1948 


THE  ELECTRON  ART 


(cMtinued) 


V 


2:w3»v 


DID  IT! 


s^st^ 
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VALUES  OF  u*  (V*  •  I) 


5<  0.1  020305  I  2  345  8101 

3  RELATIVE  FREQUENCY  (I /foJ*« 

FIG.  2 — Normalized  amplitudo  and  phcat 
choractorlsticz  of  circuit 


The  hen  gives  herself  a  good  round  of 
applause  every  time  she  lays  an  egg. 
And  well  she  might  —  but  she  couldn’t 
have  done  it  without  that  little  bit  of 
calcium  which  forms  the  shell. , 

/  Every  time  a  top  engineer  sees  one  of 
his  drawing  board  dreams  breaking  a 
speed  or  endurance  record,  he  says  to 

\  himself,  “I  did  it  —  did  it  —  did  itl” 
—  and  that  does  not  mean  he  has  laid 
an  egg,  either. 

But  that  dream  could  not  have  materi¬ 
alized  —  not  good  —  without  that  little 
bit  of  so-essential  Mica.  And  not  real 
good  —  if  that  Mica  wasn’t  Macallen. 


J  MACALLEN  MICA  ^ 

^  ALL  FORMS,  ALL  QUANTITIES  —  ALL  DEPENDABLE  M 


when  you  think  of  MICA,  think  of  MACALLEN 


THE  MACALLEN  COMPANY  •  16  MACALLEN  ST.,  BOSTON  27,  MASS. 

CNICAGOi  S65  W.  WASHINGTON  BlVD.  •  CllVilAND;  123  1  SUFEKIO*  AV& 


shown  in  Fig.  2  by  curve  for  IT  = 
!*•*.  The  frequency  selectivity  of 
this  particular  type  of  oscillator  is 
due  to  the  comparatively  rapid 
change  with  frequency  of  the  phase 
between  the  input  and  output  volt¬ 
ages  in  the  vicinity  of  the  oscillat¬ 
ing  frequency, 
cycles  per  second. 

In  designing  such  oscillators  for 
the  greatest  frequency  stability,  the 
conditions  for  the  most  rapid 
change  of  phase  with  frequency  and 
for  the  most  sharply  peaked  |  Et/Ei  | 
curve  are  required.  These  condi¬ 
tions  can  be  found  by  replacing  R, 
Cl,  R2,  C,  respectively  by  R/u,  vC, 
uR,  and  C/v,  in  which  case  the  os¬ 
cillating  frequency  is  fo  =  \/2zRC. 
For  any  frequency  / 

Et  v(///.)«+>a//.)[l  -  (///.)»] 

Ei  [I  -  (///.)*P  +  j|*(///.)*  ^  ’ 

where  y  =  (m®  -|-  v*  -1-  uV)/mv.  Let 

(///o)  =  X,  then 

I  Et  I  ^ . 

r^l  1(1  -  -I-  (*y)*iv*  ^  ’ 

4>  =  tan-‘  (1  —  x*)V*{i  (3) 

For  maximum  rate  of  change  of 
phase  with  frequency,  differentiate 
<l>  with  respect  to  x.  Inasmuch  as 
interest  is  in  values  near  (f>  =  0  at 
which  X  =  1 

0  -  (1  -  x*)Vxi/  (4) 

therefore 

-  (X-*  -f  l)/y  (5) 

.»  —  2/y  (near  i  =  1) 
Because  x  is  nearly  unity  near  the 
oscillating  frequency 

I  gi  I  _  up|l  -  (1  -  x»)V2(xy)«]  -  (g) 

I  I  y 

The  magnitude  of  the  term  (1- 
x*)y2(xy)*  determines  the  sharp¬ 
ness  of  the  resonance  peaks,  for  the 
smaller  is  y  the  more  rapid  the 
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an  mb  vibration  PICKl'P  detects  vibration  for  you— or 
turns  it  into  a  useful  yardstick  for  quality-control. 

In  inspecting  a  line  of  air-conditioning  equipment,  for 
example,  you  tell  at  a  glance  whether  vibration  is  within  accept¬ 
able  limits.  Or  in  operational  tests  of  machines  or  engines,  you 
can  check  them  for  smoothness— or  determine  their  variations. 
In  short,  MB  Pickups  help  you  locate  trouble  before  your  prod¬ 
uct  gets  into  the  field  to  cause  extra  expense  and  loss  of  good  will. 

And  it’s  an  idea  for  process-control,  too.  Take  the  case  of  a 
ball-mill  grinder,  for  instance.  The  MB  Pickup  could  show  you 
when  material  was  properly  milled  by  changes  in  the  pattern 
of  produced  vibrations. 

If  you  would  like  to  know  whether  this  sensitive  pickup  can 
be  used  in  your  own  plant,  why  not  let  us  hear  from  you?  As 
foremost  specialists  in  vibration,  MB  may  have  the  answer 
to  your  problem.  There’s  no  obligation. 


PARTIAL  TECHNICAL  DATA 


•  Coil  which  moves  between  perma¬ 
nent  magnets,  transforms  velocity 
changes  into  voltage  changes. 


•  Dimensions:  2-13  32  x  1-19  32  x 
1-19  64".  Weighs  8-1/2  oz. 

•  Range:  velocity  response  flat  from 
10  to  1000  cps.  Usable  to  5  cps. 

•  Sensitivity:  about  21  mv.  per  .001 
inch  double  amplitude  per  100  cps. 
N o  practical  lower  li  mit  on  amplitude. 


•  Convertible  for  horizontal  or 
vertical  operation. 


•  Electrically  damped. 


MB’s  flexible.  Type  5  Isomode*  mount  has  remarkable  isola¬ 
tion-efficiency.  For  it  was  engineered  with  an  equal  spring  rate 
in  all  directions  —  to  absorb  vibrations  in  all  six  possible 
modes  of  motion!  (That’s  why  you  can  also  mount  it  at 
any  angle!)  It  has  softness  plus  stability;  large  load  capacity 
plus  compact  size. 

You  can  make  vibration  end  at  an  Isomode-supported  design 
—and  with  surprising  simplicity!  Get  acquainted  with  the 
Isomode  design  chart  which  locates  your  best  support  points 
for  you.  Write  for  reprint  of  technical  paper. 

♦  Trade  Mark  Reg.  U.S.  Pat.  Off. 


SEND  FOR  FREE  BULLETINS 


No.  124A  gives  further  details  on  Pickup.  No.  4-6 
provides  helpful  design  information  on  mountings. 
Reprint  pf  Technical  Paper  describes  Isomode  Simpli¬ 
fied  Design  Method.  No.  406  describes  economical 
mounting  of  industrial  machinery.  Write  Dep't.A-S. 
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the  finest  ELECTRICAL  CONNECTORS 
money  can  build  or  buy! 


B  ENDIX 

SCINTILLA 


THE  ELECTRON  ART  (coMtinutd) 

change  with  x.  Thus,  as  would  be 
expected,  the  rate  of  change  of 
phase  and  the  sharpness  of  the  res¬ 
onance  peak  both  depend  on  the 
same  parameter  y. 

The  problem  is  to  determine  the 
values  of  u  and  v  for  which  y  is  a 
minimum.  To  do  so,  let  v*  =  1,  in 
which  case  Ci  =  Ci,  and  then  y  = 
(2m*  -I-  1)/m.  This  relation  is  a 
minimum  when  u*  =  0.6.  Various 
calculated  •  amplitude,  and  phase 
curves  for  v*  =  1  and  different  val- 
use  of  M*  are  shown  in  Fig.  2  with 
the  value  of  m*  indicated  for  each 
curve. 

For  any  general  value  of  v*  there 
is  an  optimum  value  of  m*  and  vice- 
versa.  The  general  expressions  are 
obtained. 

dy  /  d  \  u*  +  »*  +  uV 


-  -  (p/u*)  -I-  (1/p)  +  V  (8) 

which  equals  zero  when 
U*  .  P»/(1  +  »*)  (9) 

Similarly,  for  a  given  value  of 
the  optimum  value  of  v*  is 
p*.-  mV(1  +  «*>  (10) 

Carrying  the  logic  further,  put  Eq. 
9  into  the  expression  for  y,  then 
-  4(1  +  p*)  (11) 

which  has  its  minimum  when  v*  = 
0,  and  then  m*  =  0.  Thus  the  cri¬ 
teria  for  the  sharpest  resonance 
curves  and  the  most  rapid  change  of 
phase  near  the  resonant  frequency 
are  that  u  and  v  are  as  small  as  pos¬ 
sible  consistent  with  maintaining 
either  Eq.  9  or  10.  When  u  and  v  are 
both  small,  they  are  nearly  equal. 

Figure  3  presents  curves  for  vari¬ 
ous  values  of  (m*,  v*).  These  curves 
include  the  cases  for  m*  and  v*  both 
vanishingly  small;  that  is,  the  the¬ 
oretically  best  conditions  that  can 


Bendix-Scintilla*  Electrical  Connectors  are  precision-built  to 
render  peak  efficiency  day-in  and  day-out  even  under  difficult 
operating  conditions.  The  use  of  Scinflex  —  a  new  Bendix- 
Scintilla  dielectric  material  of  outstanding  stability — makes 
them  vibration-proof,  moisture-proof,  pressure-tight,  and 
increases  flashover  and  creepage  distances.  Under  extremes  of 
temperature,  from— 67°  F.  to  +300°  F.,  performance  is  remark¬ 
able.  Dielectric  strength  is  never  less  than  300  volts  per  mil. 
The  contacts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  the  industry. 
The  simplicity  and  soundness  of  design  is  demonstrated  by 
the  fact  that  Bendix-Scintilla  Connectors  have  fewer  parts  than 
any  other  connector  on  the  market — an  exclusive  feature  that 
means  lower  maintenance  cost  and  better  performance. 

*REO.  U.8.  PAT.  OFF. 

Write  our  Sales  Department  for  detailed  information. 

•  Moisture-proof,  Prossuro-light  o  Radio  Quiet  e  Single-piece  Inserts 
e  Vibration-proof  e  Light  Weight  e  High  Arc  Resistance  e 
Easy  Assembly  and  Disassembly  e  Less  ports  than  any  other  Connector 

Available  in  all  Standard  A.N.  Contact  Configurations 
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RELATIVE  FREQUENCY  (f/fg)-* 


FIG.  3 — Experimental  points  fall  close  to 
the  calculated  resonance  curves 
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0»S1»NGU»SHED 

BURNER 

hind  W«0DH0N« 


Designed  for  conv  j^pqrmANCE 
Engineered  _ 


MODEL  15D,  15D.NC,  or  15X-The  ISD-NC, 
Noise  Canceling  Dynamic  was  developed  for  use 
in  machine  shops,  factories,  railroad  yards,  aircraft, 
and  other  installations  where  background  noise 
interferes  with  communications.  Transmits  only 
when  spoken  to  at  close  range  from  the  front.  Level : 
52db  below  1  volt/dyne/sq.  cm.  at  high  impedance. 
Response  90*5000  c.p.s.  Also  available  as  the  1$D 
or  15X  with  high  level  wide  range  dynamic  or 
crystal  circuits  engineered  for  general  purpose  use. 

MODEL  9X  or  9D~Tho  Turner  “HAN-D'- 

One  of  the  handiest,  all-around  microphones  made. 
Hang  it,  hold  it,  or  mount  on  any  standard  micro¬ 
phone  stand.  Ideal  for  suge,  paging,  public  ad¬ 
dress,  amateur,  police  car,  and  traveling  mike 
applications.  9X  Crystal  is  equipped  with  high 
quality  humidity  protected  crystal.  Level:  52db 
below  1  volt/dyne/sq.  cm.  Response:  ±  5db  from 
60-7000  c.p.s.-- 9D  Dynamic  is  recommended  for 
more  severe  service  conditions.  Level:  52db  below 
1  volt/dyne/sq.cm,  at  high  impedance. Response: 
±  8db  from  60-7000  c.p.s.  In  50,  200,  500  ohms, 
or  high  impedance. 

MODEL  20X  Crystal -A  new,  low  cost  unit 
designed  to  appeal  to  users  of  home  recorders, 
economical  public  address,  paging  and  call  systems, 
and  amateurs.  Smooth  response  to  voice  and  music. 
Has  Metalseal  crystal.  Level:  54db  below  1  volt/ 
dyne/sq.  cm.  Response:  ^5db  from  50-7000  c.p.s. 


Mo<>el  20 


Model  15 


Ask  your  dealer 


Licensed  under  U.  S.  patents  of  the  American  Telephone  and 
Telegraph  Company, andWestern  ElectricCompany,  Incorporated. 
Crystals  licensed  under  patents  of  the  Brush  Development  Co. 


inf  TURNER 

'  THE  TURNER  COMPANY 

905  17TH  STREET  N.  E.  CEDAR  RAPIDS,  IOWA 
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THE  ELECTRON  ART  (continued) 

be  obtained.  Also  included  in  Fig. 
3  are  some  experimental  points  ob¬ 
tained  with  the  indicated  values. 
For  the  conventional  case  at  x 


MODEL I  M  Ml  IlLU  I 

snap  action  switch  made 


u*  K  s  1;  d^/dz  «■  —  2/3 
while  for  the  optimum  case  at  a:  =  1 
„*  .  p’  — 0;dd./dz  -  -  1 

Practical  Considerations 

The  foregoing  analysis  indicates 
that  for  maximum  stability  the  ra¬ 
tios  Ct/Ci  and  should  be  as 

large  as  possible  consistent  with  a 
given  (frequency)  relationship  be¬ 
tween  them.  In  oscillators  employ¬ 
ing  this  type  of  feedback  circuit; 
condition  for  oscillation  is 
1  -H  Ri/Ri  -I-  Ct/Cx  <  A  (12) 

where  A  is  the  gain  in  the  auxiliary 
amplifying  circuit.  Using  the  fore¬ 
going  notation,  this  condition  can 
be  expressed  as 

1 -H  l/u-l- 1/p  <  A  (13) 

Thus  the  minimum  values  of  u 
and  V  that  can  be  employed  are  de¬ 
termined  by  the  gain  that  is  avail¬ 
able  from  the  amplifier. 


Standard  Madai  “M"  wHh 
Rin  Actvalar.  1  >^4'  x  Hit'  x 
fit'.  Pear  mawntinp 

kala*.  Rakalila  casa.  Pin 
Actualar  nilhar  tlainlaft 
slaal  ar  all  bakaWa. 


aparatad  macMna*.  Lanpth 
and  farm  af  wira  can  ka 


The  ACRO  Model  “M”  can  be  the  answer  to  the  designer’s  prayer 
because  it  can  be  slipped  in  where  no  other  switch  will  go.  But 
while  it  is  tiny,  it  is  truly  o  mighty  midget — delivering  long,  de¬ 
pendable  service  with  extreme  accuracy.  There  is  no  knife  blade 
or  bearing  action.  ACRO’s  exclusive  rolling  spring  principle  is  the 
key  to  its  performance  that  sets  it  apart  from  all  other  miniature 
switches.  Millions  of  ACRO  switches  are  in  use  on  countless  products 
from  coin  operated  machines  to  aircraft  and  military  equipment. 
Many  variations  can  be  furnished.  Standard  Model  “M”  Und.  Labs. 
Insp.  10  Amps  125  Volts  A.C.  Coin  Model  “M”  Und.  Labs.  Insp. 
3  Amps  125  Volts  A.C.  Circuits:  Single  pole,  double  throw,  normally 
open  or  nosmally  closed. 


No.  5L  Lmaf  Actuator. 


No,  2M  Rollor  Loaf  Actuator.  • 


FIG.  4 — Typical  oacillator  circuit  to  which 
design  can  be  applied 


MODEL  1-A 


For  example,  in  the  cathode-cou¬ 
pled  oscillator’  shown  in  Fig.  4,  the 
condition  for  oscillation  is 
Et  >  A  Ex  (14) 


No.  48L  Light  pressure  hingod  loaf.  * 


This  original,  basic  ACRO  anclosad 
switch  is  furnished  with  various 
typos  of  actuators  os  shown  at  right. 
Soma  have  boon  tasted  to  over  two 
hundred  million  actuations.  Und. 
Labs.  Insp.  10  Amps  125  Volts  A.C., 
5  Amps  250  Volts  A.C. 


No.  63L  Long  travol,  light  pressure. 


-  >  A  =  gmXQmiRc  Rl  (15) 

y 

which  means  that 
1  -|-  1/u  -|-  1/a  <  SmigmiRc  Rl.  (16) 
where  g^i  and  g„t  are  the  mutual 
conductances  of  the  two  triode  sec¬ 
tions  under  the  operating  condi¬ 
tions. 

If  the  oscillator  is  to  cover  a 


Write  for  details  and  give  us  any  problem  you  may  have, 

THE  ACRO  ELECTRIC  COMPANY 

1316  SUPERIOR  AVENUE  •  CLEVELAND  14,  OHIO 
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Jdiro  FjVKy 


“Gosh!  Will  you  look  at  this  free  booklet  on  G.A.&F.’s 
Carbonyl  Iron  Powders!  Look  how  it  points  out  that  no 
other  material  can  produce  higher  density  and  Q  tuning 
cores  than  grade  HP  powder.  Just  think  how  this  sim¬ 
plifies  and  improves  the  antennae  circuits  of  radio  sets 
using  loop  antennae!” 


carbonyl  iron  powders 

An  Antara*  Product  of 
General  Aniline  &  Film  Corporation 


Clip  this  coupon— Mail  it  today! 


Antara  Products,  Dopt.  22 

444  Madison  Avo.,  Now  York  22,  N.  Y. 

Please  send  me  a  free  copy  of: 

□  G.  A.&F.  Carbonyl  Iron  Powders 


This  easy -to-read  booklet  that  can 
save  money  —  real  money  —  for 
every  radio  engineer  and  elec¬ 
tronics  manufacturer! 


□  Poleetron  dielectrics 


Name 


Ask  your  core  manufacturer— he’s  an  authority 
on  the  use  of  G.A.&F.  Carbonyl  Iron  Powders. 


Addre* 
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THE  ELECTRON  ART  (CMtiiiiM^) 

range  of  frequencies,  the  ratio  Ct/Ci 
must  remain  constant  over  the 
band.  This  consistancy  can  be  ac¬ 
complished  by  using  a  ganged  tun¬ 
ing  capacitor  with,  for  example,  C, 
consisting  of  three  sets  of  plates  in 
parallel  and  Ci  the  other  set.  Then 
V*  =  0.33.  Thus  for  optimum  sta¬ 
bility  with  this  value  of  v*,  m*  = 
0.25.  The  condition  for  oscillation 
becomes 

UmlOmtRcRt  >8  (17) 

For  usual  triodes,  Ro  is  approxi¬ 
mately  500  ohms,  and  p.  is  approxi¬ 
mately  2,000  microhms,  therefore 
Rl  should  be  greater  than  4,000 
ohms. 


factor  of 


NEW  ROCKFORD  4  -  FUNCTION  MOLDING  MACHINE 
FOR  THERMOSEHING  PLASTICS 


f  finec/  hy  Cramer 


(1)  H.  H.  Scott,  A  New  Type  of  SelectlT* 
Circnit  and  Some  Applications,  Proe. 
/.  R.  p  226  Feb.  198& 

(2)  F.  B.  Terman,  R.  P.  Buss.,  W.  R. 
Hewlett,  and  F.  C.  CahiU,  Some  Applica¬ 
tions  of  Negative  Feedback  witb  Particular 
Reference  to  Laboratory  Equipment,  Proe, 
I.  R.  B^  p  649  Oct  1989. 

(8)  F.  E.  Terman,  “Radio  Engineers’ 
Handbook’’,  McQraw-Hill  Book  Oo.,  New 
York,  p  505  1948. 

(4)  Keats  A.  PuUen,  The  Cathode 
Coupled  Ampllder,  Proe.  /.  R.  B.,  p  402 
June  1946. 


Measuring,  preforming,  preheating,  molding  —  the  four 
functions  of  molding  thermosetting  plastics  combined  in 
one  machine!  A  development  of  the  Rochford  Machine 
Tool  Coi,  oil  movements  ore  hydraulically  powered,  elec¬ 
trically  controlled  .  .  .  automatically  timed  through  the 
complete  operating  cycle. 

Cramer  Time  Delay  Relays  handle  four  vital  timing  appli¬ 
cations  on  this  unique  Rockford  Hi-Jector.  Another 
product  where  dependable  control  is  essential  to  per¬ 
formance  .  .  .  timed  by  Cramer. 


Differential  Input  Circuits 


By  E.  E.  Suckling 

Phytiology  J)epartment 

Medical  School,  Univergity  of  Otago 
Dunedin,  Nete  Zealand 

Electromedical  and  other  low- 
level  amplifiers  often  use  a  differ¬ 
ential  input  circuit  to  prevent  hum 
and  other  interferences  from  enter¬ 
ing  the  equipment.  In  addition,  if 
the  potential  to  be  amplified  ap¬ 
pears  across  two  points  both  above 
ground  a  balanced  input  circuit 
may  be  necessary  even  though  the 
amplifier  is  single  ended. 

Balance  to  Unbalance  Conversion 

Wide  use  of  the  Toennies  circuit’ 
for  producing  a  differential  effect 
and  for  converting  from  balanced  to 
unbalanced  circuits  while  retaining 
inphase  cancellation  is  due  to  the 
ease  with  which  this  circuit  is  ad¬ 
justed  and  the  high  rejection  ratio 
obtained  with  it.  Rejection  ratio  is 
measured  by  connecting  the  two 
input  terminals  together  and 
measuring  the  amplifier  sensitivity 
to  a  signal  between  the  grids  and 
the  ground,  and  comparing  that 
value  with  the  one  obtained  under 
normal  conditions  (input  signal  be* 
tween  the  two  grids  or  between  one 
grid  and  ground).  A  1,000-fold 


Cramwr  Time  Delay  Re¬ 
lays,  mounted  on  con¬ 
trol  panel.  Safety  Timer 
p)  determines  time  al¬ 
lowed  after  initiation  of 
preheat  timer.  Preform 
Delay  Timer  (2)  deter¬ 
mines  time  delay  before 
preform  plunger  cyl¬ 
inder  valve  is  energizM. 
Mold  Plunger  Timer  (3) 
determines  time  plunger 
returns. 


Specialists  in  TIME  as  a  factor  of  CONTROL, 
Cramer  has  developed  a  wide  range  of  devices 
for  a  great  variety  of  commercial  and  industrial 
duties.  If  the  performance  of  your  product  de¬ 
pends  on  precision  timing,  consult  Cramer. 
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FROM  MIDGET  TO  MAMMOTH 


o 


■■ 


'nfi/  ^rrosive 


/  Write  for 

FREE  Catalog  and  stock  List 


LAST  LONGER!  SAVE  MONEY! 

Nu+s,  bolts,  screws  of  all  kinds,  wash¬ 
ers,  rivets,  cotter  pins,  nails  .  .  . 
ready  to  ship  on  order,  in  all  stand¬ 
ard  sizes  and  analyses.  Special  pro¬ 
ducts,  to  your  specifications,  made 
and  delivered  promptly. 


nti-/^rrosive  Metal  Products  Co.  Inc. 


CASTLETON- ON- HUDSON 


NEW  YORK 


INDISPENSAbTc 

ALL  INCLUs/ycj 

complete  "  I 
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GEIfiER-MULLER  LABORATORY  ^ 
C0UHTIH6  RATE  METER 

COMBINED  COUNTING 
RATE.  MHER  AND 
COUNTER 

laading 

counting  motor 

seolo  rongos 

sooo 

pulooB  por  second. 

Provision  for  connection  of  oztomsl 
5  m.  s.  recording  millismeter.  Recorder  circuit  for 
operation  of  impulse  register  (recording  clock).  Regulated 
high  voltage  power  supply  for  counter  tube.  Built-in  loud¬ 
speaker  for  aural  monitoring.  Pulse  equalizing  and  sharpening 
stages.  Operates  with  self-quenching  OR  non-self-quenching 
counter  tubes.  Provision  for  connecting  scaling  circuit, 
impulse  register,  oscilloscope,  recording  millismeter  and 
calibrating  input  signal.  Price  only  $350  less  counter  tubes 
and  recording  clock.  For  complete  description  send  for 
Bulletin  No.  471. 


HIGH  SPEED  GEIGER.  MULLER 
LABORARORY  SET 

MODEL  LS64 

CHECK  THESE 
OUTSTANDING 
FEATURES: 

All  of  the  newest  circuits 
— simplified  and  modern¬ 
ized — reliable  and  fool¬ 
proof.  Uses  the  famous 
Higinbotham  Scaling 
Circuit — SCALE  OF  64  (Used  under  license  agreement  with  U.  S. 
Atomic  Energy  Commission).  Build-in  recorder  clock  of  zero  reset 
type — counts  up  to  9999  before  recycling.  Regulated  high  voltage 
power  supply  for  counter  tube,  with  front  panel  voltmeter.  Suitable 
for  use  with  self-quenching  or  non-self-quenching  counter  tube.  Bank 
of  neon  indicator  lamps  for  interpolation  of  count  and  indication  of 
proper  sealer  operation.  Small,  compact,  light  in  weight — constructed 
completely  on  one  13’*zl7*’  chassis  with  8-^4”  rack  type  front  panel. 
PRICE  ONLY  $360.00  complete  with  tubes  and  built-in  recording 
clock.  Send  for  Descriptive  Bulletin  No.  472. 


1920  LINCOIN-LIBERTY  BIDG. 

,  PHILADELPHIA  7.  PENNA.  ^ 

manufacturers  of  specialized  electronic  apparatus 


FIG.  1 — Conventional  differential  input  cir¬ 
cuit  has  high  rejection  to  unbalanced  po¬ 
tentials 


reduction  in  sensitivity  with  the 
grids  tied  together  is  easily  ob¬ 
tained  with  a  Toennies  circuit,  and 
indicates  that,  if  hum  is  present 
equally  on  the  two  output  leads,  it 
will  be  attenuated  60  db  compared 
with  potentials  between  the  two 
grids.  A  common  form  of  the 
Toennies  circuit  is  shown  in  Fig.  1. 

In  the  circuit,  Ri  is  adjusted  so 
that  the  cathode  potential  is  a  few 
volts  positive  relative  to  ground  in 
order  that  the  tubes  will  operate 
with  normal  bias.  Potentiometer 
R,  is  then  adjusted  so  that  the  sig¬ 
nal  on  the  grid  of  Vi  from  terminal 
Tt  equals  the  signal  between  cathode 
and  grid  (ground)  impressed  on 
Vi  by  the  cathode  follower  V,.  In 
this  way,  cancellation  of  voltages 
that  are  in  phase  at  T,  and  T,  is 
obtained. 

A  disadvantage  of  this  circuit  is 
that  the  cathodes  arp  not  at  ground 
potential.  Because  the  differential 
input  is  usually  used  at  the  begin¬ 
ning  of  a  sensitive  amplifier  norm¬ 
ally  handling  input  signals  of  a  mil¬ 
livolt  or  less,  this  disadvantage 
precludes  using  alternating  current 
for  heating  the  tubes;  any  hum 
transferred  from  heaters  to  cath¬ 
odes  develops  a  voltage  across  Ri, 
which  may  be  50,000  ohms,  and  is 
fed  to  the  amplifier.  The  usual 
arrangement  is  to  heat  the  cathodes 
from  a  storage  battery. 

Improved  Cir^tits 

Rearrangement  of  the  circuit  en¬ 
ables  the  cathodes  to  be  connected 
directly  to  ground,  and  thus  per¬ 
mits  a-c  operation  of  the  heaters. 
Figure  2  shows  one  rearrangement 
in  which  the  ground  is  transferred 
from  the  junction  of  the  two  bat¬ 
teries  to  the  cathode.  If  this  cir- 
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T»  $n—l  nquinm^nU  for  weight*  and  space-saving  reaifica- 
don  in  small  radios.  General  Electric  engineers  have  developed 
this  tiny  selenium  rectifier.  Less  than  one  inch  square,  its  use 
has  resulted  in  important  manufaauring  economies,  without 
loss  of  efficieno'. 


Thin  two-ton  coppor-oxido  roctMor  is  one  of  the  largest  ever 
made.  Designed  and  engineered  by  General  Electric,  the 
ten-foot-tall  unit  is  rated  at  8U  kw.  It  will  be  used  in  an 
elearochemical  process,  to  supply  constant  unvarying  flow  of 
electricity  over  a  wide  range  of  load. 


f 


. . .  Specify  General  Electric  and  Get 
the  Right  Rectifier  for  Your  Designs 

Mite  or  Mammoth?  Your  needs  probably  fit  somewhere  in 
between.  But  the  important  point  is  that  we  have  a  lot  of 
txperience  with  all  kinds  and  all  types  of  rectifiers. 

This  means  that  when  you  come  to  us  with  a  problem 
involving  rectification,  we  probably  have  already  tackled  a 
.‘imilar  problem  for  some  other  manufacturer  —  and  have 
come  up  with  a  successful  solution. 

Even  if  your  application  is  entirely  new,  our  engineers 
have  a  background  of  experience  that  is  invaluable  in  select¬ 
ing  the  type  and  the  design  of  rectifier  that  will  give  you  the 


tk  Q 


utmost  in  operating  economy  and  output  efficiency. 

Because  we  make  all  three  of  the  most  commonly  used 
types  of  rectifiers,  you  can  be  sure  of  unbiased  recommenda¬ 
tions  for  the  one  that  is  best  suited  to  your  application. 

Call  on  us  for  counsel  when  your  next  project  is  in  the 
planning  stage.  There  is  no  obligation.  Just  ask  a  General 
Electric  representative  to  call,  or  write  to  Section  A72-231, 
Appliance  and  Merchandise  Department,  General  Electric 
Company,  Bridgeport  2,  Connecticut. 


GENERAL 
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YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


When  a  cast  is  executed.  These  gears  must 
withstand  the  strain  of  hauling  in  a  fighting  fish  of  - 
unpredictable  size  and  strength,  thus  rendering  a  dual  * 
purpose:  speed  and  velvety  smoothness  in  one 
direction— strength  and  durability  in  the  other. 

Instruments  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversifie^industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 


50-cycle  in-phase  potentials  of  300. 
The  circuit  is  of  considerable  value 
for  electromedical  equipment  be¬ 
cause  it  enables  an  a-c  operated 
amplifier  to  be  used  with  a  45-volt 
bias  battery  as  the  only  additional 
voltage  source  required  for  differ¬ 
ential  input. 


(1)  J.  F.  Toeniiies,  A  Differential  Ampli¬ 
fier,  Review  o)  Scientific  Instruments,  p  95, 
9,  1938. 


r - - T^the  Ouldoorsman  C<«lomoiic  1 

IDuakei  City  Gear  Woiks 

l|F  INCORPORATED 

1910  N.  Front  Street,  Philadelphia  22,  Pa. 


SURVEY  OF  NEW  TECHNIQUES 

Metals  for  tubes  are  basic  product 
design  determinants.  At  the 
Radium  Elektrizitaets  factory 
(Wipperfurth,  Germany)  tungsten 


FIG.  3 — Feedback  enables  cathodes  and 
batteries  to  be  grounded;  typical  values 
ore  shown 


FIG.  2 — Rearranged  circuit  grounds  the 
cothodes  so  that  a-c  heater  operation  is 
possible 


cuit  is  used,  both  batteries  are 
above  a-c  ground  potential  and 
must  be  shielded.  But  further  re¬ 
arrangement  overcomes  this  dif¬ 
ficulty. 

In  Fig.  3  resistors  R,  through  R, 
have  the  same  functions  as  in  Fig. 
1.  Resistors  Rr,  and  R,  form  a  high- 
impedance  network  that  supplies 
feedback  from  V,  to  V,  and  also 
maintains  the  grids  negative  for 
correct  operation.  With  the  values 
shown,  the  circuit  gives  a  gain  of 
12  measured  with  the  signal  in¬ 
jected  between  one  grid  and 
ground,  and  a  rejection  ratio  for 
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UMITED  AIR  LINES  Selects 
New  WILCOX  VNF  Receiver 
For  Ground  Installations 

Hew  fixed  frequency  Reeeieer 
Offers  Hew  Performance  features 
in  the  118-13$  Me,  Band 

•  Selectivity  Permits  100  Kc.  Adjacent 
Channel  Operation 

•  No  Interference  from  Spurious  Frequency 
Responses 

•  Simplicity  of  Circuit  Design  Means  Easy 
Maintenance 

•  New  Noise  Limiter  Means  Better  Reception 

•  Single  Unit  Construction  Saves  Space 


c=a 
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THE  NAME 


Wnte  Today  for  Compiete 
Mormatioo  on  ike 
WILCOX  SOSO  xfciim 


WILCOX  Dependable  Communication 


WILCOX  ELECTRIC  COMPANY  •  Kansas  City  1,  Missouri 
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ASTATIC  Introduces 

NEW'LT  CARTRIDGE  IN 
STAMPED  HOUSING  MODELS 


In  providing  this 
selection/  Astatic 
mokes  it  possible 
to  choose  the 
cartridge  models 
having  the  proper 
weight  to  provide 
optimum  needle 
pressure  and 
pickup  inertia  char¬ 
acteristics  with  va¬ 
rious  types  of  arms< 


THE  ELECTRON  ART  (cmHiiu«4) 

wire  is  produced  from,  tungsten 
powder  by  pressing,  presintering, 
and  sintering.  The  sintered  bar  is 
then  hot  swaged  to  rod  and  wire, 
and  the  hot  wire  drawn  to  sizes  for 
tube  and  lamp  filaments.  Pure  de¬ 
gassed  iron  was  used  by  the  Jap¬ 
anese  to  replace  molybdenum  and 
nickel  for  electrodes,  getters,  and 
other  metallic  parts  of  electron 
tubes.  This  iron  possesses  durabil¬ 
ity  and  electron  emission  compar¬ 
able  to  the  metals  it  replaces.  Sand 
iron  is  the  raw  material;  it  is 
reduced  in  an  electric  arc  furnace, 
the  iron  is  drawn  off,  melted  in  a 
high-frequency  induction  furnace, 
and  de-oxidized  with  silicon  and 
aluminum.  The  resulting  iron  con¬ 
tains  less  than  0.02  percent  oxygen 
(most  harmful  of  occluded  gases), 
and  is  suitable  for  small  tubes.  For 
use  in  large  tubes>  the  iron  is  held 
for  two  hours  at  1,100  C  in  a  hydro¬ 
gen  stream  thus  reducing  the  oxy¬ 
gen  content  to  less  than  0.004  per¬ 
cent.  To  produce  a  coated  wire  for 
radio  tube  manufacturing,  Femick- 
lon  has  been  devised  by  the  Ken- 
more  Metals  Corp.  (Warren,  Pa.). 
The  base  wire  (iron  or  copper)  is 
electroplated  (with  nickel,  silver,  or 
other  metals)  and  cold  drawn  to  di¬ 
ameters  as  fine  as  0.0038  in.  The 
composite  wire  can  be  swaged,  ham¬ 
mered,  woven,  or  twisted  without 
flaking,  and  welded  without  destroy¬ 
ing  the  coating.  In  hydrogen-filled 
spark  gaps  to  be  used  as  low  power 
switches,  the  Thomson-Houston  Co. 
(London,  England)  employs  sin¬ 
tered  electrodes  made  from  a  mix¬ 
ture  of  nickel  and  aluminum  powd¬ 
ers.  Plain  nickel  electrodes  have  a 
voltage  drop  of  about  400  volts, 
which  erratically  drops  to  around 
150  volts  at  currents  over  one  am¬ 
pere.  The  sintered  electrodes  at  the 
same  gas  pressure  have  a  drop  of 
60  volts  or  less  for  even  low  cur¬ 
rents.  Such  efficient  gaps,  in  cera¬ 
mic  envelopes  sealed  with  C40  glass 
by  furnace  techniques,  can  also  be 
used  in  high-frequency  aircraft 
ignition  systems. 


M*  C««t  Hovsing 
Weight  2t  Or«M» 


tHiiiig«€l  St**l 
Weight  20  Grains 


THESE  "LT" 
FEATURES 


I.  Low  NsodU  Talk 


2.  Lew  Neodio  Prossuro 


Stonipnsl 


Weight  11  Grams 


4.  RoplacosbU  "T' 


5.  Cutoff  Froquoncy. 
4,000  c.p.s. 

6.  Output  Yoltago,  1.00 
volt  (Avg.  at  1,000 
c.p.s,). 

7.  Choice  of  three 
weights:  Die  Cast,  28 
Grams;  Stamped  Steel, 
20  Grams;  Stamped 
Aluminum,  1 1  Grams 

8.  Needle  Guard  Posts 


of  the  LOW  Needle 
Talk,  LOW  Needle  Pressure  and  LOW 
Price,  the  "LT"  Series  Crystal  Cartridges 
ore  highly  recommended  for  use  with  all 
types  of  record  changers  and  manually 
operated  phonographs.  The  "LT"  employs 
a  Type  "T,"  matched,  replaceable  Needle 
with  an  electro-formed  precious  metal  tip. 
Special  Literatvue  is  available. 


9.  Standard  Dimensions 


For  those  who  prefer  a 
de  luxe  Reproducer. 
^  Astatic  suggests  earnest 
consideration  of  the  "QT" 
(Quiet  Talk)  CRYSTAL  CAR¬ 
TRIDGE — with  matched,  re¬ 
placeable  "Q"  Needle,  sap¬ 
phire  or  precious  metal  tipped. 


In  Holland  a  250-ton  cyclotron 
was  almost  completed  at  the  end  of 
the  war  by  the  underground.  Some 
materials  were  supplied  by  the  Ger¬ 
man  army  without  its  knowledge. 


Copyright,  Astatic  Corp.,  1947 
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Yarglas  Silicone  Electrical  Insulating  Tubing  and  Sleeving 

Lead  Wire  and  Tying  Cord 

VARGLAS  SILICONE 


is  a  sensationally  new  electrical  insulating  sleeving  and  tubing  developed  by 
our  laboratory  and  pilot  plant  during  the  war.  It  is  a  product  which  combines  Varglas  and  Silicone 
to  bring  revolutionary  possibilities  to  electrical  insulation.  „  »i- 

VARGLAS  SILICONE  is  efficient  under  a  wide  temperature  range.. .to  500°F.  or  more  in  some  appfi* 
cotions,  yet  remains  completely  flexible  at  -85°F.  It  has  excellent  resistance  to  moisture  and  lubricating 
oil,  is  flame  resistant  and  self-extinguishing,  and  is  the  strongest  of  the  accepted  insulating  materials. 


VARGLAS  SILICONE,  pioneered  by  YARFLEX  CORPORATION 
s  the  first  combination  of  these  outstanding  features 


1.  VARGLAS  —  Continuous  filament  Fiberglas  — a  moisture  and  fungus  proof  material  which  will  not 
burn  and  is  chemically^ert  —  strong  and  flexible  at  high  and  low  temperatures. 

2.  NORMALIZING — Removes  binder  and  organic  inclusions  from  the  Fiberglas  — improves  electrical 
qualities  and  allows  uniform  impregnation. 

3.  SILICONE  HIGH  TEMPERATURE  RESIN— Which  has  a  natural  affinity  for  the  Fiberglas, 
renders  it  abrasion-resistant,  flexible  and  non-fraying. 


YARFLEX  CORPORATION 


^  manufacturers  of  electrical  insulating  tubing  and  sleeving,  are 
insulation  specialists.  If  you  require  special  insulation,  write  us  about  your  problems.  We  will  gladly 
quote  on  your  individual  requirements  or  ASTM  specifications.  We  have  a  complete  line  of  sleeving 
and  tubing,  based  on  Fiberglas,  cotton,  and  extruded  plastics. 


Varflex  invites  you  to  test  these  free  samples 
of  Varglas  Silicone  in  your  own  plant  or  labora¬ 
tory. 

coup^f 

VARFLEX  CORPORATION  H 

308  N.  JAY  ST.  ROME,  N.  Y. 


Please  send  me  folder  containing  free  samples  of  Varglas  Silicone  products. 


Company 


Address 


It's  yours  on 
request  I 
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NEW  PRODUCTS 
(continutd  from  p  144} 

alignment  of  f-m  receivers  in  th- 
88-108  megacycle  band.  I-f  signalj 
ar^  available  from  8.3  to  10.8  ok 
Sweep  width  is  adjustable.  Term;, 
nals  are  provided  for  obtaining  o! 
cilloscope  deflection  voltages. 

Registration  Control 

Ripley  Co.,  Inc.,  Middletown,  Conn 
A  new4*egistration  control  that  co^ 
rects  the  positioning  of  wrappini 
materials  with  colored  index  marb 
as  flne  as  0.016  inch  can  be  used  og 
either  transparent  or  translucent 
materials.  Operation  rate  is  750 
per  minute  with  correction  on  anj 
sequence  of  registration  marks  such 
as  every  6th  or  10th.  Standard  tuba 
and  lamps  are  used. 


MANUFACTURING  COMPANY,  INC. 

CONNECTICUT 


TORRINGTON 


YOUR  PRODUCTS 


HARNESS  TIME  TO 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


An  automatic  shift  mechanism  has  been  built  into  the  Haydon  1600 
series  synchronous  motor  and  gear  unit  by  Haydon  engineers,  making 
possible  immediate  automatic  resetting  for  devices  such  as  time  delay 
relays,  process  timers,  interval  timers,  etc.  The  magnetic  pull  of  the 
energized  motor  field  is  utilized  to  engage  the  gear  train  while  the 
timing  operation  is  in  progress.  A  counterbalance  In  the  shift  disen¬ 
gages  the  gear  train  from  the  motor  when  the  motor  field  is  de-ener¬ 
gized.  The  drive  shaft  is  then  free  to  be  reset  to  its  starting  position 
by  means  of  an  external  spring.  Engaging  and  disengaging  action 
is  uniform  in  any  position. 

•  Available  in  speeds  from  15  to  1/10  rpm. 

•  Information  on  this  exclusive  shift  feature,  and  complete 

data  on  all  Haydon  synchronous  motors  and  timers,  is 
available  in  the  new  1948  Engineering  Catalog. 

e  If  it's  about  time,  request  a  demonstration  of  Haydon 
products  at  your  desk. 

WRITE  HAYDON,  2402  ELM  STREET,  TORRINGTON,  CONN. 


Stephens  Mpg.  Corp, 


10416  Na¬ 
tional  Blvd.,  Los  Angeles  34,  Calif. 
The  Tru-Sonic  model  P-62FR  co¬ 
spiral  speaker  has  a  frequency 
range  from  40  to  14,000  cycles.  The 
response  is  not  flat  but  its  char¬ 
acteristic  has  been  accentuated  at 
certain  frequencies  for  desired 


ELECntONlCS 


Spiral  Cone  Speaker 


PUSTICON  HIVOLT  SUPPLIES 


High  Voltage  >  Low  Current  DC  Power  Supplies 

for 

ToleviBion — Radiotton  Counters — Photoflash  Devices — Electrostatic.  Precipita¬ 
tors — Spectrogrophic  Analysers,  Oscilloscopes,  Etc. 


HiVolt  Supplies  are  self-contained  in  hermetically 
sealed  metal  containers.  They  are  designed  to  trans¬ 
form  low  voltage  AC  to  high  voltage  -  low  current  DC. 


HiVolt  PS-1 


Specifications: 

e 

Volts  Inpyt:  111  VAC,  60  cyclos. 

Volts  Output:  2400  VDC  (capacitor  load) 

Curront  Output:  .006  Amps.,  half-wavo  DC. 

Max.  Watts  Input:  IS  watts. 

Type  of  Filtor:  Not  filtorod. 

Terminals:  t-32  screw  and  nuts. 

Insulation:  lit  VAC — 2  bokolito  washers; 

2400  VDC — 1  porcoloin  standoff; 

2400  VDC — lug  spotwolded  to  case. 
Container:  Terne  plate  steel-gray  lacquer  finish. 
Size;  3%"  x  3  3/16"  x  5W".  ' 

Weight:  2.2  lbs. 

List  Price  $1 8.95  F.  O.  B.  Chicogo 
NOTE:  The  PS-1  it  designed  to  charge  a  parallel- 
wired  bank  of  net  mere  than  15  AOCOE- 
22C3  Plosticon  Energy  Storage  Capacitors 
(4t  mfd.). 


HiVolt  PS-2 


Specifications: 

Volts  Input:  M  VAC,  60  cycles. 

Volts  Output:  2400  VDC,  maximum. 

Current  Output:  .005  Amps.  DC.  maximum. 

Max.  Wotts  Input:  10  wetts. 

Type  of  Filtor:  R.  C.  Filter:  50,000  ohms,  2x.1  mfds. 
Terminals:  t-32  screw  and  nut. 

Insulators  lit  VAC — 2  bokelite  washers; 

2400  VDC — 2  porcelain  standoffs; 
container  neutrai. 

Centoincr:  Terne  plate  steel — gray  lacquer  finish. 
Siie:  31/4"  *  3  3/16"  x  5V4". 

Weight:  2.5  lbs. 

List  Price  $25.75  F.  O.  B.  Chicago 
NOTE:  The  PS-2  is  similar  in  appearance  to  the 
PS-1  except  that  ail  faur  terminals  ere  on 
the  recessed  top  of  the  container. 


Regiilation  and  Ripple  Curves 


Condenser  Proffnel^  Company 


Y17S  NORTH  RRANCH  STREET  •  CHICAGO  27.  ILLINOIS 
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IRf  hen  you’re  faced  with  shortages,  need  equipment  parts, 
or  must  ship  finished  products  to  meet  contract  dates  —  use 
the  speed  and  handiness  of  Air  Express  and  your  worries 
are  over.  Air  Express  is  the  fastest  possible  way  to  ship  or 
receive;  cuts  days  oflF  shipping  time. 

Air  Express  goes  on  all  flights  of  the  Scheduled  Airlines 
—  with  air  speeds  up  to  5  miles  a  minute.  Special  door-to- 
door  service  (no  extra  cost!)  speeds  up  your  shipments 
still  more.  Use  the  speed  of  Air  Express  regularly.  Rates 
are  surprisingly  low. 


SpedRj  Ah  bpress-Worldhfsstest  Shipping  Servioa 


•  Low  rates  —  special  pick-up  and  delivery  in  principal  U.  S.  towns 
and  cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  off-airline  offices. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Tru*  COM  history:  Machine  parts  made  in  Camden  were  needed  in 
Chicago.  32-lb.  package  picked  up  11  a.m.  the  28th,  delivered  5  p.m. 
same  day.  669  miles.  Air  Express  charge  only  $6.88.  Gave  days 
more  time  to  complete  the  job.  Other  weights,  any  distance,  similarly 
inexpensive  and  fast.  Just  phone  your  local  Air  Express  Division, 
Railway  Express  Agency,  for  fast  shipping  action. 


Rates  include  pick-up  and  delivery  door 
to  door  in  oil  principal  towns  and  cities 


AIR  EXPRESS,  A  SERVICE 
OF  RAILWAY  EXPRESS 
AGENCY  AND  THE 


SCHEDULED 


NEW  PRODUCTS  (continued) 

audio  effects.  Bulletin  109  describes 
the  speakers  available  in  both  12- 
and  15-inch  cone  diameters. 

Nondirectional  Antenna 

Technical  Appliance  (Dorp.,  Sher- 
bume,  N.  Y.  Taco  type  624  folded- 
dipole  is  a  horizontally  polarized 
antenna  that  is  essentially  nondi¬ 
rectional  and  is  designed  for  tele¬ 
vision  and  f-m  broadcast  reception. 
A  300-olrm  transmission  line  is 
furnished. 


Repeat  Cycle  Tinier 

G.  C.  Wilson  &  Co.,  2  N.  Passaic 
Ave.,  Chatham,  N.  J.  A  process 
control  timer  operating  from  115 
volts,  60  cycles  has  independently 
variable  on  and  off  intervals  rang¬ 
ing  from  0.1  second  to  4.0  minutes. 


Wide  variations  in  line  voltage  have 
a  negligible  effect  on  timing  inter¬ 
vals.  Relay  contacts  up  to  double¬ 
pole  double-throw  each  rated  at  10 
amperes  can  be  provided. 

Small  Selenium  Rectifiers 

Richardson-Allen  Corp.,  15  W. 
20th  St.,  New  York  11,  N.  Y.,  an¬ 
nounce  two  new  small  selenium  var¬ 
iable  platers  designed  for  jewelry 
manufacturers  and  laboratories. 
Model  D-513A  is  a  4-amp,  6-volt 
rectifier,  and  D-514A  is  a  lO-amp, 
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8-volt  rectifier,  both  operating  on 
115  a-c  single  phase  60  cycle  cur¬ 
rent. 


High-Frequency  Tetrode 

Eitel-McCullough,  Inc.,  189  San 
Mateo  Ave.,  San  Bruno,  Calif.  Type 
4-400A  tetrode  is  radiation  cooled  in 
a  special  socket  and  air  duct.  A 
pair  of  the  400-watt  tubes  operated 


I  Yea,  Brush  oscillogrophs  drctw  inslani  pictures  oi  electrical 
[  impiilses.  Eliminate  delays  and  trouble  when  you  want 
[f  accurate,  permanent,  ink-on-poper  recordings. 

'1^^  Recordings  oi  strains,  pressures  and  countless  electricol 
phenomena  can  be  made  over  a  frequency  range  oi  D.C.  to 
100  Cip.s.  Today  Brush  Oscillographs  are  available  in 
Single,  Double  and  Six  Channel  models.  The  magnetic  Pen 
f  Motor  is  available  separately  ior  incorporation  into  equip- 
||  ment  such  as^  medicaL  geophysical  and  other  highly 
I  specioUzed  designs.  Whenever  desired,  recordings  may  be 
stopped  ior  notations  on  chart-paper. 


conservatively  will  provide  over  a 
kilowatt  of  output  power  at  4,000 
plate  volts  on  the  88  to  108  me  f-m 
band. 


Electroplater 

Hanson  -  VanWinkle  -  Munning 
Co.,  Matawan,  N.  J.  A  new  process 
for  improved  electroplating  that 
reduces  polishing  costs  involves  a 
periodic  reverse  plating  cycle. 
Equipment  now  available  handles 


Brash  Model  BL  B13  D.C,  Amplifier.  Well 
adapted  lo  ihe  m»asarement  oi  xtatic 
or  draomic  pheaomena  such  as  iem- 
perodure,  light,  pressures,  strains,  etc. 


Write  today  for  detailed  bulletin 


juMSTK  KctMtsw*  Div.  •  scoKtic  Niooecn  wv.  % 


tkMt  fNST«WM£lftSDIV.,<lYSTM  OMtlOHtS: 


Canadian  Representatives:  A.  C.  Wickman  (Canada)  Ltd.  P.  O.  Box  9,  Station  N,  Toronto  14 
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HEAT? 


Dothered  by  heat— in  your  pnKluciion 
problems?  Then  you’ll  want  to  investi¬ 
gate  General  Electric  silicones.  Because 
whether  you  are  concerned  with  the 
manufacture  of  airplanes  or  oven  dcMtrs. 
searchlights  or  diesel  engines  .  .  .  any 
pnKluct  or  process  where  heat  presents 
a  problem  .  .  .  General  Electric  silicones 
have  amazing  heat-defying  properties 
that  can  probably  jrrove  usefnl  to  you. 

For  example,  silicone  rubber— an 
amazing  material  which  retains  its  elas¬ 
ticity  at  temperatures  as  high  as  520  F— 
has  been  found  to  be  ideal  for  making 
gaskets  for  jet  airplane  engines.  Other 
motors  can  benefit  by  the  application  of 


silicone  resin  insulating  varnish  tow’incl- 
ings.  By  using  this  varnish— capable  of 
withstanding  a  temperature  of  355  F— 
longer  life  under  extreme  service  con¬ 
ditions  may  be  obtained. 

If  molding  is  your  business  you’ll  be 
interested  in  (ieneral  Fdectric  silicone 
oils  and  greases.  Displaying  the  typical 
silicone  family  traits,  these  pnKlucts  re¬ 
sist  heat  even  at  575  F'.  This  means  you 
may  apply  them  to  extremely  hot  molds 
to  prevent  sticking  of  the  binder  and 
molded  piece.  .Silicone  oils  and  greases 
are  real  “efficiency  experts”  when  it 
comes  to  saving  tm  broken  parts  and 
speeding  up  production. 


In  the  finishing  field  you’ll  find  G-E 
silicone  resins  which  impart  unusual 
weather-resistance  to  paints  and  finishes. 
Still  another  product  of  Cieneral  Elec¬ 
tric  research  is  dri-film*  water  re¬ 
pellent  materials.  They  have  proved 
exceptionally  effective  for  treating  glass, 
ceramics,  plastics,  textiles,  and  paper. 

WANT  TO  KNOW  MORE  ABOUT  GENERAL 
ELECTRIC  SILICONES?  They  have  other 
interesting  characteristics  and  their  uses 
are  many  and  varied.  Perhaps  they  are 
what  you  are  ItKiking  for  in  ytmr  par¬ 
ticular  industry.  We’ll  be  glad  to  discuss 
them  with  you.  Chemical  Department, 
(Ieneral  Electric  Co.,  Pittsfield,  Mass. 


4NING 
rocess 
that 
Ives  a 
cycle, 
andles 


Please  addres.s  inquiries  about  G-E  silicones  to  Resin  and  Insulation  Materials 
Division.  Chemical  Department,  General  Electric  Company,  Schenectady  .5,  .V.  Y. 
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PRODUCT  OF  NATIONAL  RESEARCH 


NEW! 


GRADE 

XXXP-455 


Laminated  PLASTIC 


vO>N 


IftateriaC 


GRADE  XXXP-455,  .he  exceptional  new 

Phenolite  Plastic  with  very  high  insulation 
resistance  both  under  wet  and  dry  condi¬ 
tions,  was  specifically  developed  for  Radio 
and  Television:  variable  condensors,  se¬ 
lector  switches,  volume  controls,  terminal 
strips,  tube  sockets,  jack  spacers,  insulating 
washers,  resistor  strips. 

However,  Grade  XXXP-455  has  wide 
potential  use  in  fabricated  parts  of  every 
description  where  high  insulation  resist¬ 
ance  under  humid  conditions  is  required. 

For  full  details  call  or  write 


NATIONAL  VULCANIZED  FIBRE  CO 


WILMINGTON  99, 

Offices  in 


DELAWARE 

Principal  Cities 

fl- 


up  to  fifty  amperes  with  a  range  of 
a  fraction  of  a  second  to  25  seconds 
for  each  portion  of  the  time  cycle. 

Midget  Crystal  Socket 
James  Millen  Mfg.  Co.,  Inc.  150 
Exchange  St.,  Malden  48,  Mass.  A 
new  midget  crystal  holder  socket 
type  33302  has  been  designed  for 


use  with  the  midget  hermetically 
sealed  type  CR7  crystal.  Silver- 
plated  phosphor  bronze  contacts  are 
used,  mounted  in  Steatite.  Pin 
spacing  is  a  half  inch. 

Feed  Through  Terminal 
Cambridge  Thermionic  Corp.,  445 
Concord  Ave.,  Cambridge  38,  Mass. 
New  feed-through  terminals  are 


available  for  i  ori-inch  hole  mount¬ 
ing,  each  type  in  two  lengths.  The 
larger  terminal  illustrated  will 
j  withstand  8,000  volts,  60  cycles 

Multichannel  Transmitter 

Radio  Receptor  Co.,  Inc.,  251  West 
19th  St.,  New  York  11,  N.  Y.  Tele- 
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ANNOUNCING— 

the  first  13  volumes  of  the 
Massachusetts  Institute  of  Technology 

RADIATION  LABORATORY  SERIES 

NOW  AVAILABLE 


These  important  books  are  the  first  available  of  the  Massa¬ 
chusetts  Institute  of  T^hnolo^  Radiation  Laboratory  Series, 
The  Series,  containing  in  all  27  titles  and  index,  was  written 


RADAR  SYSTEM 
ENGINEERING 

Val.  1.  Cdlt«d  by  L.  N.  RIDENOUR,  Pro- 


fanor  •#  PH' 


liysic*,  Unhf.  of 
300  illws.,  I7.S0 


Tkis  volume  outlines  seneral  principles  of 
rsdmr  systems,  and  discusses  basic  deelsn 
eoBSIderatlons.  It  describes  the  components 
of  a  radar  sat  from  the  deslm  enslneer’s 
standpoint  and  outlines  the  problems  en- 
eonntered.  MovlnK  target  Indication  and 
radio  transmission  of  data  to  remote  indica¬ 
tors  are  carefully  explained,  including  de¬ 
tailed  examples  of  actual  systems. 

RADAR  AIDS  TO  NAVIGATION 

Vel,  2.  Edited  by  John  S.  HALL,  Assoc. 
Professor  of  Astronomy  and  Physics,  Am- 
hMt  Coiio90.  SM  popos,  ilfiis.,  35.00 
Describes  the  advantages  and  limitations 
of  the  use  of  radar  in  navigation  and  pilot¬ 
age.  In  addition  to  full  treatment  of  air¬ 
borne,  shlpbome,  and  landbased  radar,  this 
book  contains  descriptions  of  many  other 
navigation  devices  which  give  a  more  com¬ 
prehensive  picture  of  the  equipment  In  use. 
It  emphaslseo  the  practical  application  of 
modem  aids  for  safety  and  accuracy  In 
navigation. 

RADAR  BEACONS 

Vol.  3.  Edited  by  ARTHUR  ROBERTS,  Assoc. 
Professor  of  Physics,  State  Unhr.  of  Iowa. 
409  pagt.  Was.,  $6.00 
This  comprises  a  survey  of  the  design  and 
latest  developments  in  radar  responder  bea¬ 
cons  and  their  use  in  navigation  and  Identi¬ 
fication.  Information  on  practical  aspects 
—Installation,  operation,  and  maintenance — 
Is  Included.  It  describes  various  types  of 
beacons  and  interrogators  and  shows  how 
each  is  employed  In  communication  naviga¬ 
tion  and  positioning. 

LORAN 

Vol.  4.  J.  A.  PIERCE,  Research  Fellow,  Cruft 
Laboratory,  Horvard;  A.  A.  McKENZIE, 
Assoc.  Editor,  Electronics,  and  R.  H. 
WOODWARD.  Research  Fellow,  Cruft 
Laboratory,  Harvard.  469  pagms.  Ulus., 
34.00 

A  complete  account  of  the  design  and  use 
of  the  long-range  pulse  navigation  system 
known  as  I,eran,  both  in  Its  original  form 
and  as  sky-wave  synchronized  Lioran.  Sec¬ 
tions  are  Included  on  radio  propagation  at 
Loran  frequencies  and  on  methods  for  the 
computation  and  preparation  of  Lioran  navi¬ 
gational  charts. 

PULSE  GENERATORS 

Vol.  S.  G.  N.  GLASCOE,  Rensselaer  Poly¬ 
technic  institute;  and  J.  V.  LEVACQZ, 
JohiH  Hopkins  Unhr.,  737  pagus,  $9.00 

The  theoretical  and  practical  aspects  of  the 
generation  of  power  pulses.  Pulse  powers 
la  the  range  of  100  watts  to  20  megawatts 
end  pulse  durations  from  .03  to  10  micro¬ 
seconds  are  considered,  covering  pulse  for¬ 
mation,  the  effect  of  circuit  parameters  on 
the  pulse  shape,  pulse  power,  average  power, 
power  transfer,  and  circuit  efflclency. 

KLYSTRONS  AND 
MICROWAVE  TRIODES 

Vol.  7.  Edited  by  D,  R.  HAMILTON,  Prince¬ 
ton  Univ.;  J.  K.  KNIPP,  Iowa  State  Col¬ 
lege;  and  J.  B.  H.  KUPER,  Brookhaven 
National  Laboratory.  534  pages.  Ulus., 
37.50 

An  authoritative  discussion  of  low  power 
microwave  triodes.  klystrons,  and  their  per¬ 
formance  as  local  oscillators,  signal  genera¬ 
tors,  and  low-power  transmitters.  It 
•■plains  fully  the  theory  behind  the  use 
Pf  klystrons  and  triodes  as  mixers,  ampll- 
j|j^.  oscillators,  and  frequency  multipliers. 
^0- cavity  and  reflex  klystrons  and  planer 
triodes  are  described. 


and  edited  principi^y  by  members  of  the  Radiation  Laboratory 
maintained  durinsr  the  war  for  elec¬ 
tronic  research.  This  outstanding  kiirDOVL 

yn  addition  to  the  literature  of  the  field  i 

mn'.,  400  covers  advances  in  radar  work —  Sociofy 

makes  these  available  to  all  fields  fV***-'  ^ 

ic **dii^^  concerned  with  the  new  elertronics—  por^PoM^of 

mpononts  communication,  television,  biological  discussing 

*i“m?**on-  physical  sciences  and  the  many  practical**"*.! 

tion  and  industries  in  which  electronics  is  be-  showing  ho 

coming  increasingly  important.  frequency  . 


TECHNIQUE  OF 
MICROWAVE  MEASUREMENTS 

Vol.  11.  Edited  by  C.  G.  MONTGOMERY, 
Associate  Professor  of  Physics,  Vole 
University.  937  pages,  ilftrs.  $10.00 
This  book  deocribes  in  detail  the  procedures 
for  measuring  the  properties  of  microwaves 
and  the  circuits  in  which  they  are  used.  A 
full  description  of  the  measurable  quantities 
of  microwaves  provides  sound  groundwork 
for  the  later  chapters  which  deal  with 
sources  of  power  suitable  for  measuring  pur- 
peoes  and  the  means  for  detecting  energy 
at  microwave  frequencies.  Methods  for 
measuring  wave  lengths,  impedance,  fre¬ 
quency,  and  attenuation  are  fully  described. 

MICROWAVE  DUPLEXERS 

Vol.  14.  Edited  by  L.  D.  SMULLEN  and 
C.  6.  MONTGOMERY,  Professor  o  Phys¬ 
ics,  Yale  Univ..  437  pages.  Ulus.,  $6.50 
An  analysis  of  the  problems  of  using  a 
single  antenna  for  receiving  and  trans¬ 
mitting  pulsed  signala  It  discusses  low- 
level  properties  of  TR  and  ATR  tubes  and 
the  methods  for  their  design.  The  high-level 
operation  is  explained  in  detail  with  a 
description  of  the  properties  of  the  gases 
used  in  the  tubes.  Circuits  used  for  duplex¬ 
ing  are  fully  covered. 

CRYSTAL  RECTIFIERS 

Vel.  15.  Edited  by  H.  C.  TORREY  and  C.  A. 
WHITMER,  Rutgers  Univ.  440  poges, 
lUus.,  $6.00 

The  characteristics  and  use  of  the  silicon 
and  germanium  point-contact  rectifiers  used 
as  microwave  converters  and  for  other  cir¬ 
cuit  applications.  Treatment  of  the  theory 
of  semiconductors,  of  the  semiconductor- 
metal  contact,  of  frequency  conversion  by 
rectifiers,  and  of  noise  generation  by  crystals 
Is  followed  by  engineering  information  on 
the  production  and  use  of  practical  crystal 
types.  Liow-Ievel  detectors,  high  inverse 
voltage  crystals  and  crystals  with  negative 
1-f  conductance  are  dlscuseed  in  detail. 


MICROWAVE  MIXERS 


Vel.  16.  By  R.  V.  POUND,  Junior  Fellow, 
Society  of  Fellows,  Harvard.  33 1  pages, 
l^us.,  35.50 

A  specialized  treatment  of  the  microwave 
portions  of  very  high-frequency  receivers, 
discussing  various  receiving  systems  aad 
their  relative  merit.  Design  problems  of 
practical  mixers  are  carefully  described, 
showing  how  to  maintain  cgnstant  absolate 
frequency  of  local  oscillator  and  how  to 
stabilize  constant  frequency  difference  be¬ 
tween  transmitter  and  local  oscillator. 

MICROWAVE  RECEIVERS 

Vol.  23.  Edited  by  S.  N.  VAN  VORHIS, 
Assoc.  Professor  of  Physics,  Univ.  of 
Rochester.  611  pages,  Uhn.,  $9.00 
This  book  treats  together  all  the  elements 
making  up  a  wide-hand  receiver,  describing 
individual  circuit  types— the  assembly,  test* 
ing,  and  maintenance  of  microwave  recetvera 
It  Includes  analyses  of  astual  receivers  which 
contain  examples  of  Important  circuit  con* 
binations. 

THEORY  OF 
SERVOMECHANISMS 

Vol.  25.  Edited  by  H.  M.  JAMES,  Purdue 
Univ.;  N.  B.  NICHOLS,  Taylor  Instru¬ 
ment  Co.;  and  R.  S.  PHILLIPS,  Univ.  of 
Southern  Calif.  375  pages.  Ulus.,  $5.00 

Outlines  the  standard  theory  of  servomech¬ 
anisms  design,  showing  application  of  cnr- 
rent  techniques,  and  providing  an  Introduc¬ 
tion  to  a  new  technique.  It  covers  frequency 
response  design  considerations — transfer  loci, 
attenuation  vs.  log-frequency  plots,  and 
phase-angle  va  log-frequency  plots — and  ex¬ 
plains  the  later  method  which  depends  upon 
minimization  of  rms  error  with  which  the 
mechanism  produces  a  desired  result  in  the 
presence  of  electrical  noise  and  other  dis¬ 
turbances. 

COMPUTING  MECHANISMS 
AND  LINKAGES 

Vol.  27.  Edited  by  A.  SVOBODA.  379 
pages.  Ulus.,  $4.50 

A  discussion  of  computing  mechanisms  and 
a  detailed  study  of  bar  linkages  in  com¬ 
puters.  It  includes  a  full  account  of  novel 
methods  for  the  design  of  bar  linkages 
serving  as  generators  of  functions  of  ene 
and  two  independent  variables,  and  describes 
the  design  of  bar  linkage  multipliers. 
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rHATHAWAY 

for  EVERY  purpose 


S8-B  General  Purpose,  12  to 
24  elements,  ior  laboratory  or  field 
use,  quick-change  transmission  for 
wide  range  of  record  speeds,  auto¬ 
matic  titling  and  numbering,  auto¬ 
matic  record-length  control,  tuning 
fork  time  marker,  galvanometer 
attenuators,  governor  motor. 

(BulUtin  SP16S) 

ss-c  General  Purpose,  24  to  36 
elements,  otherwise  same  as  type  S8-B.  f 

(Bulletin  SP165) 

S8-D  General  Purpose,  12  to  24  ele¬ 
ments.  similar  to  type  S8-B  except  without 
automatic  controls.  (Bulletin  SPI7S) 

S12A  Small  Portable,  Gen¬ 
eral  Purpose,  the  smallest  com¬ 
plete  12-element  oscillograph. 

(Bulletin  SP167) 

S6A  Geophysical,  12  elements. 


jO*D  Geophysical,  24  elements. 

SI 4*A Student's  Oscillograph. 
6  to  12  elements,  ultra-simple,  low 

in  cost.  (Bulletin  SP183) 


>A  Portable  Self-Powered,  6  ele¬ 
ments,  ior  use  where  very  small  size  is 
essential  and  power  is  not  available. 

(Bulletin  SP193) 

SC16A  Cathode  Ray,  6  elements, 

very  high  frequency  response  and  writing 
speed,  record  speed  to  6000  inches  per 
second.  (Bulletin  SPl94) 


Kiy-A  Automatic  Oscillograph.  12 
elements,  for  switchboard  or  px>rtable  use, 
for  automatic  recording  of  faults  or  staged 
system  testing,  high-speed  starting. 

(Bulletin  SP196) 

WHATEVER  YOUR  REQUIREMENTS  MAY 
BE  THERE  IS  A 

HATHAWAY  OSCILLOGRAPH  FOR  YOU 


WRITE  FOR 
TECHNICAL  BULLETIN 


INSTRUMENT  COMPANY 

I3IS  SO.  CLARKSON  STREET  •  DENVER  ID  COLORADO 


(continisi 


NEW  PRODUCTS 


pak  multichannel  transmittinj 
equipment  consists  of  two  sizes  oj 
functional  power,  r-f  and  moda. 
later  units  or  cells  of  500  and  1,00|| 
watts.  R-f  cells  are  available 
frequencies  from  200  kc  to  160  mt 
Special  cells  can  be  had  for  variout 
types  of  modulation,  including  hom. 
ing  beacon  service. 


Five-Watt  Resistors 

• 

Ohmite  Mfg.  Co.,  4962  Flournoy 
St.,  Chicago,  Ill.  The  Brown  Devil 
line  of  resistors  now  includes  a  5- 
watt  wire-wound  series  in  resist¬ 
ance  values  from  1  to  10,000  ohms. 
Standard  tolerance  is  plus  or  minus 
10  ohms.  See  Bulletin  132. 


Geiger  Counter 

INSTRUMENT  DEVELOPMENT  LABOR¬ 
ATORIES,  223  West  Erie  St.,  Chicago 
10,  Ill.  A  new  selfquenching  Geiger 
counter  has  a  plateau  of  about  250 


volts  at  a  slope  of  2  percent  per 
hundred  volts.  Threshold  is  be¬ 
tween  850  and  950  volts  and  ex 
pected  tube  life  is  10*  counts. 


F-S  Receiver  Terminal 


Heintz  and  Kaufman,  Ltd.,  50 
Drumm  St.,  San  Francisco,  Calif. 
Type  A-4601  dual  diversity  receiver 
terminal  permits  an  improvement 
of  11  db  in  signal-noise  ratio  over 
make-break  systems,  by  virtue  of 
using  the  frequency-shift  method 
alone,  and  the  gain  of  the  dual  di¬ 
versity  system  over  a  single  channel 
make-break  approximates  22  db  im¬ 
provement.  High-speed  keying  is 
also  possible  with  no  loss  in  selec- 
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(continued) 


I 


tivity.  Various  types  of  recording 
devices  can  be  attached  to  the  out¬ 
put  of  the  receiving  system. 

Steel  and  Nonmagnetic  Balls 

New  Hampshibe  Ball  Bearings, 
ING,  Peterborough,  N.  H.  A  newly 
developed  line  of  precision  grade 
steel  balls  is  available  in  sizes  be¬ 
tween  0.0394  and  0.0469  inch.  They 
are  finished  to  a  surface  within  20 


;hannel 
db  im- 
)ring  is 

1  selec* 


millionths  of  a  perfect  sphere.  Also 
available  are  small  nonmagnetic  and 
noncorrosive  ball  bearings  made 
from  beryllium  copper  hardened  to 
about  42  Rockwell  C. 

Temperature  Probe 

G.  M.  Giannini  &  Co.,  Inc.,  Pasa¬ 
dena,  Calif,  Type  4916  Autoflight 
temperature  probe  simplifies  data 
reduction  in  test  flights  and  guided 
missiles  by  measuring  total  air  tem¬ 
perature, — ambient  air  temperature 
plus  all  of  the  temperature  rise  ow¬ 
ing  to  velocity.  Full  calibration 


D\STORTtOH  WO  OOlSE 
^^^^U1ER 


CWfEAl^^atCTRlC 


This  new  General  Electric  distortion  and  noise 
analyzer  gives  a  convenient  check  on  transmitter 
operation.  It  provides  a  quick,  visible  indication 
that  your  station  is  operating  in  accordance  with 
required  standards.  The  YDA-l  is  also  entirely 
suitable  for  use  with  the  widely  accepted  FM  and  AM 
General  Elearic  Broadcast  Station  Monitors. 

The  YDA-l  accurately  measures  total  harmonic 
distortion  and  noise  present  on  an  audio  frequency, 
particularly  that  present  in  laboratory  and  broadcast¬ 
ing  equipment. 

The  unit  may  also  be  used  as  a  sensitive  voltmeter. 
Its  sensitivity  is  of  special  advantage  in  measuring 
low  level  audio  signals. 

.DISTORTION  MEASURIMENTSt 

Ditlortion  rang*:  1,  3,  10,  30  and  100%  full  teal* 

Fraf|u*ncy  rang*:  50  to  15,000  cyclat  par  sacond  in  5  rangat 

Accuracy:  5%  of  full  teal#  plus  1/10%  distortion 

NOISE  MEASUREMENTS: 

Noiso  range:  0  to  -80  db  referred  to  lero  VU  level 


Frequency  range: 
Accuracy: 


(1  milliwatt  on  600  ohms) 

30  to  30,000  cycles  per  second 
5%  of  full  scale 


VOLTAGE  MEASUREMENTS: 

Vacuum  tube  voltmeter  for  general  purpose  measurements.  Dial  is 
calibrated  from  0  to  -80  db.,  referred  to  lero  VU  for  measuring  any 
signal  in  the  range  0.8  to  30  voKs  rme. 

For  complete  information  on  the  YDA-l,  and  other 
precision  equipments  write:  General  Electric  Company, 
Electronics  Department,  Electronics  Park,  Syracuse, 
New  York. 


GENERAL  1^1  ELECTRIC 
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.e  new 


From  that  mighty  mite 


the  Drake  No.  400  to  the  high¬ 
speed  production  “honey” 


YOUR  RADIO 


PARTS  JOBBER 


Check  BAER  FIBRE  for  ec. 
curate  dimensioning,  uniform 
surface,  mechanical  and  elec* 
trical  qualities,  and  low  coat 
per  piece.  See  how  efficient¬ 
ly  a  BAER  FIBRE  terminal 
board,  boshing,  gasket, 
washer  or  other  shape  can 
D  simultaneously  solve  your 
^  electrical  or  mechanical  prob- 
lem...improve  your  product... 
and  save  you  money  I  BAER 
FIBRE  isprecision  fabricated 
to  your  specifications. 

UTERATURE  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  I 


Ra 

Tr- 

ton 

the 

cen 

for 

dio 

cui 

atl 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering  Iron 
“just  right”  for  the  job. 


Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


SEND  BLUEPRINTS  • 
AND  SPECinCATIONS- 
NOOBUGATIDN!  X 


ELIECTIUCALLY  HEATED  PRESSURE  HEADS 


CONTINUOUS  FILM  RECORDING  CAMERAS 


AND  EQUIPMENT  FOR  CATHODE  RAY  . - 


UNIVERSITY 

TWEETER 


So  you  want  high-fidelity?  Then  this 
tweeter  is  for  you.  A  simple  bypass  filter 
permits  quick  connection  to  your  present 
cone  speaker  with  only  two  wires.  Ex¬ 
tends  the  range  of  your  existing  cone 
speaker  to  15,000  cycles.  Available  in 
several  types  unmounted  or  in  cabinet. 
Prices  from  $20.00.  For  details  address 
UNIVERSITY  LOUDSPEAKERS.  INC., 
80  South  Kensico  Avenue,  White  Plains, 
New  York. 


TOP  NOTCH  FOR 
TOP  FREQUENCIES 


Use  It  With  Any 
Standard  Cone 
Speaker 


THERE  S  A  DRAKE 

SOLDERING  IRON 


FOR-  EVERY  TYPE  OF 
ELECTRONIC  WORK 


PIPE  CXIUPLINGS 


OSCILLOGRAPHY,  ETC. 


Avimo  Limited f  Taunton,  England  •  Telephone  Taunton 


DRAKE  ELECTRIC  WORKS,  INC 


365*  LINCOLN  AVI.  CHICAGO,  U.L 


Wc  undertake  the  Design, 
Development  and  Manufacture  of 
any  type  of  Optical— Mechanical 
—Electrical  Instrument.  Includ¬ 
ing  Cameras  for  special  purposes. 
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data  is  available  from  the  manufac¬ 
turer. 


Radiation  Survey  Meter 

Tracerlab  Inc.,  55  Oliver  St.,  Bos¬ 
ton,  Mass.  An  improved  version  of 
the  Cutie  Pie  radiation  meter  re¬ 
cently  declassified  is  now  available 
for  hot  laboratory  work  where  ra¬ 
dioactivity  of  the  order  of  milli- 
curies  is  handled.  A  thin  window, 
at  the  end  of  the  ionization  chamber 


Maximum 
Resistance 
per  section 
Ohms 


Minimum 
Resistance 
per  section 
Ohms 


Sections 


Watts 


AKRA-OHM  PRECISION  RESISTORS 

for  "miniaturization"  programs 


own  tinned  copper  leads,  or  may  be  secured 
with  mounting  screw. 

Other  Shallcross  Akra-Ohm  Precision 
Resistors  include  types,  shapes,  mounting 
arrangements  and  ratings  for  every  close- 
tolerance  requirement  and  are  designed  to 
meet  JAN  specifications.  Write  for  Bulle¬ 
tin  RG,  giving  complete  precision  resistor 
data  in  convenient  chart  form. 


These  new  Shallcross  Akra-Ohm  Wire- 
Wound  Precision  Resistors  have  been  de¬ 
signed  to  meet  the  needs  of  modern,  mini¬ 
ature  equipment.  Standard  tolerance  is  1% 
and  closer  tolerances  can  be  furnished  on 
special  order. 

The  units  offer  unusually  high  and  ac¬ 
curate  resistance  values  in  small  space  and 
are  light  enough  to  be  suspended  by  their 


permits  entry  of  beta  particles  with 
energies  less  than  0.1  mev,  or  a 
bakelite  shield  can  be  rotated  to 
eliminate  passage  of  beta  radiation. 
Power  is  supplied  from  batteries 
that  can  be  replaced. 


Complete  Service 
measurement  facilities 
IN  A  SINGLE  INSTRUMENT 


R*F  Heating  Tubes 
Machlett  Laboratories,  Inc., 
Springdale,  Ck)nn.  Five  new  tubes 
have  been  developed  expressly  for 
r-f  heating  applications,  but  usable 
in  communications,  in  the  power 
range  from  5  to  50  kw.  One  tube 
is  water  cooled ;  the  other  four  are 
available  in  either  water-  or  air¬ 
cooled  types.  Of  prime  importance 
is  a  new  type  of  water  jacket  that 


The  improved  Shallcross  6I4-A  Service  meter  covers  a  wide 
ranfte  of  measurements.  These  include  d-c  and  a-c  voltage, 
capacitance,  and  d-c  resistance.  Also  it  can  be  us^  for 
approximatinK  an  artificial  load.  Auxiliary  scales  provide  an 
inductance  range  of  1  to  100;  1,000,  10,000  henries,  and  an 
a-c  resistance  range  of  25  ohms  to  3  megohms.  Only  two 
switches  are  used  for  25  ranges.  The  instrument  is  self- 
contained,  housed  in  a  metal  case  with  handle  and  weighs 
only  I2V2  lbs.  Write  for  details. 


MANUFACTURING 

D«pt«  E-2t ,  Collingdal*,  P*nna« 
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X  3/8" 

;4(i- VIBRATION 

"futc^uc  ^eAtc*u^ 


SHOWING 


MODEL  100VA 

VERTICAL 

ACTION 


k  600  to  3,300  k 

vibrclioni  p*f 
winutt 

^^^^«utom»tic»llir^|^»  , 


Specify 


Bask  testing  .  .  .  spotting  the 
"bugs"  of  stress  and  strain  .  .  . 
fosters  bettered  products  and  low¬ 
ered  costs  in  your  new  postwar 
lines.  All-Americans  have  uniform 
acceleration  -  deceleration,  besides 
control  at  fixed  cycles  of  vibration. 
An  inspection  and  research  favorite. 
Write  for  Catalog  F. 


Wh«r«  high  mechanical  and  elec¬ 
trical  specifications  must  be  met. 


For  Complete  Catalog  and 
Specifying  information  on 
MYCALEX  400,  K.  &  410 
refer  to  pages  ^85  in  the 
1947  Mid-June 

BUYERS'  GUIDE  ISSUE 


OF  ELECTRONICS 


27  years  of  leadership 
in  solving  the  most 
exacting  high  frequency 
insulating  problems 


10  to  55  cycles  per  second, 
automatic  with  automatic  ac¬ 
celeration  and  deceleration. 
10  to  60  cps.  manually- 


Load  capacity  100  lbs.;  other 
models  10  to  25  lbs.  capocity. 
8  models  to  choose  from. 


MYCALIX  COlPOIATION  OP 
AMIRICA 

"Owners  of  'MYCALDC  Fetenta" 

Flent  end  General  OfRees:  Cliffon,  N.  J, 
Executive  Offices:  30  Rockefeller  Fleu, 
New  York  20,  N.  Y. 


QUICK 

DELIVERY! 


■JONES 

SHIELDED  TYPE 

PLUGS  &  SOCKETS 


Materials  for  potting,  clipping  or  impreg¬ 
nating  all  types  of  radio  components  or  all 
kinds  of  electrical  units.  •  Tropicalized 
fungus  proofing  waxes.  •  Waterproofing 
finishes  for  wire  jackets.  •  Rubber  finishes. 
•  Inquiries  and  problems  invited  by  our  en¬ 
gineering  and  development  laboratories. 


LOW  LOSS  PIUOS  AND 
SOCKETS  FOR  HlOH 
FREQUENCY  CONNECTIONS. 
SUPFUED  IN  1  AND  2 
CONTACT  TYPE  Ss 

101  Series  can  be  fur¬ 
nished  with  Va*,  .290', 
5/16',  H'  or  V4'  fer¬ 
rule  for  coble  entrance. 
Knurled  nut  securely 
fastens  unit  together. 
Plugs  have  ceramic  in¬ 
sulation  and  sockets  have 
bakelite.  Quality  con¬ 
struction.  Fine  finish. 
Assembly  meets  Navy 
specifications. 

For  full  details  and  en¬ 
gineering  data  ask  for 
Jones  Catolog  No.  16. 


YEARS 


Zophar  Mills,  Inc.  has  been  known  for  its  dependable  service  and 
uniformity  of  product  since  1846. 


ZOPHAR  MILLS,  Iric. 

-  ESTABLISHED  1B46 

1l/  26th  STREET,  BROOKLYN,  32  N.  Y. 


JONES  MEANS 
Proven  QUAUTY 
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new  products 


that  has  been  repackaged  and  im¬ 
proved  is  now  available  under  the 
designation  HRO-7.  A  new  auto¬ 
matic  adjustable-threshold  noise 
limiter  has  been  included  and  mini¬ 
ature  tubes  have  been  employed  to 
insure  a  high  order  of  oscillator 
stability.  Plug-in  coils  have  been 
arranged  for  easier  changing  and 
calibration  charts  facilitate  con¬ 
version  of  dial  reading  to  fre¬ 
quency. 


by  using  these  NCW  RAfOH 
SHAKERS  and  HORN  UNITS 


Right— NEW  RADIAL  RE-ENTRANT  SPEAKER, 
excellent  for  all  types  of  industrial  sound  installa¬ 
tions,  provides  superlative  and  complete  360°  speech 
intelligibility  by  efficiently  over-riding  factory  high 
noise  levels.  Frequency  response  300-6000  cps. 
Handling  capacity  25  watts  continuous,  35  w.  peak. 
Has  mounting  bracket.  Size  12"  wide  by  12  H" 
high. 


Hardening  Control 

Cincinnati  Milling  Machine  Co., 
Cincinnati  9,  Ohio.  The  Flamatic 
hardening  machine  is  an  electron¬ 
ically  controlled  device  that  can  be 


\  Left  —  NEW  SMALL  RE-ENTRANT  HORNS, 
extremely  efficient  for  factory  inter-com  and  pog- 
ing  systems;  for  sound  trucks,  R.  R.  yards  and  all 
other  industrial  installations  where  high  noise  levels 
are  prevalent.  Watertight,  corrosion-proof,  easily 
i  installed.  Two  new  models — type  RE-1  1/2,  com- 

■  plete  with  Baby  Unit,  handles  25  watts,  covers 

■  300-6000  cps;  type  RE- 12,  complete  with  Dwarf 
f  Unit,  handles  10  watts,  has  freq.  response  of 

400-800  cps. 


used,  for  instance,  to  harden  auto¬ 
motive  ring  gears  at  the  rate  of 
250  per  hour.  Details  are  given  in 
publication  M-1611. 


Adjusting  Transformer 

Gulow  Corp.,  99  Park  Place,  New 
York  7,  N.  Y.  Several  types  of 
manual  line-voltage  correction 
transformers  are  now  available 


Right— NEW  SPECIAL  PM  HORN  UNIT,  having 
Alnico  V  magnet  ring  completely  watertight,  housed 
in  a  heavy  aluminum  spinning.  Provides  extremely 
high  efficiency  reproduction  with  minimum  input. 
Handling  capacity  35  watts  continuous,  60  w.  peak. 


To  the  more  than  60  dilierent  type  and  size  speakers  and  horn  units  that  already  com¬ 
prise  the  RACON  line — these  new  models  hare  been  added.  There  is  a  RACON  speaker 
ctiitl  bom  unit  ideal  for  ewery  conceiToble  sound  system  application.  RACON  has  not 
only  the  most  complete  line,  but  also  has  the  most  preferred  Une.  For  over  20  years  lead¬ 
ing  Soundmen  hare  recognized  and  specified  them  becouse  of  dependobiUty,  efficiency 
and  low-cost,  and  because  the  reproducers  are  trouble  proof. 


RACON  ELECTRIC  CO.,  INC. 

19fh  St.,  New  York  3,  N.  Y. 


Write  for  catalog  describing 
RACON'S  Line  of  Homs. 
Speakers,  Units,  Accessories, 
Inc. 
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FOR  OVIR  3)  YEARS  PLANNERS  AND  MOULDERS  IN  PLASTICS 


NEW  PRODUCTS  (cwitinMd) 

with  two  indicating  lamps  that 
show,  without  the  aid  of  additional 
meters,  when  the  adjustment  is 
correct.  One  unit  can  be  used  to 
insure  output  voltage  of  115  volts 
with  input  variations  from  60  to 
140  volts.  Power  ratings  run  from 
100  to  5,000  volt-amperes. 


Appliance  Tester 

Hanlan  Co.,  1419  W.  Jefferson 
Blvd.,  Los  *Angeles  7,  California. 
The  Model  60  is  a  compact,  portable 


Maybe  We’ve  Got  the  Combination 
to  Your  Moulded  Plastic  Job 


Twars  no  “Open  Sesame”  to  a  new  moulding  problem. 
It  takes  the  same  old  patient  hunt  for  the  proper  combi¬ 
nation — ^in  every  function  from  design  and  engineering 
through  mould-making,  moulding,  finishing  and  the  rest. 

But  there’s  this  bit  of  magic  that  still  works.  Knowing 
these  problems  .  .  .  having  solved  similar  puzzles  before 
.  .  .  experienced  moulders  are  liable  to  get  there  quicker. 
And  with  methods  that  have  been  tried  and  proved. 

So  look  a  little  deeper  than  the  price  tag  on  yoiur 
moulder’s  bid.  Experience  like  ours  —  a  reputation  like 
ours  —  experienced  personnel  and  a  complete,  self-inte- 
grated  plant  like  ours — these  things  mean  we’ll  quote 
a  fair  price  on  a  job  you  can  dejjend  on  quality-wise, 
cost-wise  and  delivery-wise. 

We’re  interested  in  your  business,  if  either  compression, 
transfer  or  plunger  moulding  will  do  the  job.  May  we  send 
a  sales  engineer? 


electric  appliance  tester,  useful  for 
trouble  shooting,  checking  open  cir¬ 
cuits,  continuity,  grounds  and  short 
circuits.  It  carries  an  a-c  am¬ 
meter  range  of  from  0  to  15  amps. 
A  high  sensitivity  neon  tube  is  pro¬ 
vided  for  making  high  resistance 
tests,  at  which  time  test  leads  are 
automatically  disconnected. 


D-C  Amplification 

Manning,  Maxwell  &  Moore,  Inc, 
Bridgeport  2,  Conn.,  introduce  their 
Microsen  Amplifier  which  measures 
and  amplifies  power  impulses  as  low 
as  0.2  microvolts.  Featured  in  the 


Kurs-Kasdi,  hK. 

1425  S.  Rroatlway  •  Daytea  1,  Ohio 

MANCH  SALES  OFTICESt  N«w  York,  Laxington 
7-6677  •  Chicago,  Harrison  5473  •  Datroit, 

Mondolph  5214  •  Lot  Angolot,  ProtpacT  7503 

Dollot,  Lakasido  1072  •  St.  Louis,  Kotodalo 

3542  •  Toronto,  Canada,  Adolaida  1377. 

EXPORT  OrriCES:  89  Brood  Stroot,  Now  York 
City,  Bowling  Croon  9-7751. 
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new  products  (continued) 

instrument  are  an  electromechan¬ 
ical  balance  which  amplifies  power 
inputs,  an  isolated  input  circuit,  a 
feedbEick  circuit,  and  a  mechanical 
zero  adjustment, — all  making  for 
high  sensitivity  and  stability. 


lO-Kw  F-M 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  10-kw  f-m  transmit¬ 
ter  t3T)e  BT-4-A  employs  a  ground- 
ed-grid  high-power  amplifier  with 
two  newly-developed  high-fre¬ 
quency  triodes.  The  Phasitron  mod¬ 
ulator  gives  direct  carrier-fre¬ 
quency  control  with  a  single  crystal. 
Frequency  deviation  of  75  kc  is 
possible  with  a  multiplication  of  432 


TUNED-RIBBON  Pick- 
np  model  SA-79 
(Actual  SUa — Special 
STTIDIO-arm  uot  shown ) 


•  A  model  for  every 
purpose 


times.  The  complete  transmitter  is 
178  inches  long  and  38  inches  deep, 
but  is  divided  into  units  that  will  go 
through  a  doorway  36  inches  wide. 


Jewel  Stybu  EASILY 
REPLACED  BY  USER 


ADMIRABLY  this  revolutionary  NEW  line  by  Audax 
bears  out  the  business  maxim: — 


Folded  Dipole 

Heintz  and  Kaufman,  Ltd.,  50 
Drumm  St.,  San  Francisco,  Calif. 
A  folded  dipole  that  can  be  adjusted 
in  length  to  tune  to  any  frequency 
from  85  to  150  me  is  designed  for 


“LOOK  TO  THE  LEADER  FOR  LEADERSHIP 


’Because  a  “permanent-point” — be  it  diamond,  sapphire  or  metai  — 
will  maintain  its  oriainal  shape  for  only  a  limited  number  of  plays,  after 
which  it  progressively  erodes  the  record  grooves,  the  importance  of  l»*i»ig 
able  to  replace  it  has  always  been  of  primary  consideration.  Heretofore 
such  replaceability  entailed  severe  penalties  in  range,  eompliance 
point-pressure.  Most  of  the  TUNED-RIBBON  models  provide  the  all- 
important  replaceability  without  those  penalties. 

KPEriFICATIONS  TITNED-RIBBON  SA-7f» 

•  Vibratory  Momentum — very  low 

•  '  Quick  plug-in  connectors 

•  Arm  is  aluminum.  Special  Studio 
Design,  Tangent-Tracking,  ball- 
thmst  and  pivot-point  bearings 
in  gimbal  mounting— eliminat¬ 
ing  side  thrust  and  drag. 

Technicians  listening  to  the  incomparable  reproduction  of  TUNED-RIB¬ 
BON  have  been  startled  at  the  realism  .  .  .  proving  anew  AUDAX  right 
to  the  slogan : — 

Standard  by  Which  Others  Are  dudged  and  Valued** 

Yes,  Audax  TUISED-RIBBOIS  has  put  some¬ 
thing  into  reproduced  music  that  teas  not  there 
before  .  .  .  let  YOUR  ears  be  the  final  judge. 


nps. 

pro- 

ance 


•  Linear  50  eye.  to  over  10  k.c. 

•  Point  Pressure— about  24  grams 

•  Genuine  Sapphire  Stylus — 
EASILY  REPLACED  BY  USER 

•  Output — about  — 30  db 

•  Impedance — 200  ohms  to  500 
ohms 


Inc., 
their 
lurea 
s  low 
a  the 


use  with  300-ohm  ribbon  transmis¬ 
sion  line.  Parasitic  elements  for 
construction  of  beam  antennas  are 
also  available. 


Compact  Motor  Capacitors 

Aerovox  Corp.,  New  Bedford, 
Mass.,  introduces  a  line  of  bracket- 
mounted,  armored,  space-saving 
motor-starting  capacitors.  The 
steel  casing  measures  2  1/16  in.  in 
diameter  by  21  in.  to  31  in  long 
depending  on  voltage  and  capaci¬ 
tance  ratings.  Standard  ratings 
are  110,  220,  330,  440  and  660  volts 


SEND  FOR  COMPLIMENTARY  PAMPHLET  ON  THIS  VITAL  SUBJECT 


AVDAK  COMPAIW 


500  Fifth  Avenue  New  York  18 

CREATORS  OF  FINE  ELECTRO-ACOUSTICAL  APPARATUS  SINCE  1915 
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COTO-COIL  CO.,  INC. 

COIL  SPICIMISTS  SINCE  1917 
65  Pavilion  Avo.,  Provldonco  5,  R.  I. 

W«tt  Coost  Addrostt  P.  O.  lex  674,  lolmoiit,  CpIH. 
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Video  Frequency  Monitor 

General  Radio  Co.,  275  Massachu¬ 
setts  Ave,,  Cambridge  39,  Mass. 
Type  1175-B  frequency  monitor  can 
be  used  with  the  type  1176- A  fre¬ 
quency  meter  for  television  video  or 
other  single-channel  a-m  transmit¬ 
ters  in  the  frequency  range  from 
1,600  kc  to  220  me  for  monitoring 
to  an  accuracy  of  0.001  percent.  A 


6  .A  A  ^ 

.  *  •! 

1. 

1 

For  thirty  years  coil  winding  has  been  our  business. 
We  have  the  plant  facilities  .  .  the  modern  ma¬ 
chines  .  .  the  skilled  operators  .  .  the  engineering 
experience  to  produce  the  coils  you  need  and  to 
do  it  economically. 

We  are  particularly  glad  that  now  the  wire  situa¬ 
tion  has  cleared  and  we  are  able  to  produce  and 
deliver  coils  promptly. 


Send  us  your  spocificationt 
and  wo  shall  bo  glad  to  quote. 


r  ’ 

a-c,  and  capacitances  range  from  1 
to  8.5  uf. 

Five-Gun  Tube 

I  Electronic  Tube  Corp.,  1200  E. 
Mermaid  Ave.,  Philadelphia  18,  Pa. 
Type  7Z5P7-A  is  a  5-gun  electro¬ 
static  focus  and  deflection  cathode 
ray  tube  for  applications  in  which 
electronic  switching  is  either  unde¬ 
sirable  or  impossible.  As  many  as 
five  independent  phenomena  can  be 
registered  upon  the  single  screen. 
The  tube  can  be  supplied  with  any 
of  the  standard  phosphors.  Details 
!  can  be  supplied  by  the  manufac- 


NOW- 
A  QUALITY 

2-KW  INDUaiON 
HEATING  UNIT 


For  Only  $650. 

Never  before  e  value  like  this  new 
2'KW  bench  model  "Bomberder"  or 
high  frequency  induction  heater  ...  for 
Mving  time  and  money  in  surface  hard¬ 
ening,  brazing,  soldering,  annealing  and 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  .  . 
Economical  Standardization  of 
Unit  Makes  This  New  Low  Price 
Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efficiency. 
Operates  from  1 10-volt  line.  Complete 
with  foot  switch  and  one  heating  coil 
made  to  customer's  requirements.  Send 
samples  of  work  wanted.  We  will  ad¬ 
vise  time  cycle  required  for  your  p«rv 
ticular  job.  Cost,  complete,  only  $650. 
Immediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  l-3-5-7>/2-IO-l2l/2-l5-l8-2S-40-60- 
80-100-250-KW. — end  range  of  fre¬ 
quency  up  to  300  Megs,  depending  on 
power  required. 


Division  of 

r  CORRUGATED  QUENCHED  GAP  CO. 

107  Monroe  St.,  Garfield,  N.  J. 


VULCAN  ^ 

Counterpoised  ' 


WRITE  US 
ABOUT  IT 


NEW  Electric  Soldering*  ^  Tool 
Makes  BETTER  Soldering  EASIER 

VULCAN  ELECTRIC  COMPANY 

DANVERS  10,  MASS. 

MAKERS  OF  A  COMPLETE  LINE  OF  ELECTRIC  SOLDERING  TOOLS— SCREW  TIP- 
PLUG  TIP— PYGMY— MERCURY— ELECTRIC  GLUE  POTS— ELECTRIC  SOLDERING 
POTS  AND  OTHER  ELECTRICAL  HEATING  DEVICES. 


Over  20  years  of  fabricating  experience 


1 1  \  1 

1  •  .A  1 

1  1  l\\j 

-  SHEETS,  RODS,  TUBES. 

BAKELITE  AND  FIBRE  FABRICATED  PARTS. 

PUNCHING,  DRILLING,  MILLING 
AND  ENGRAVING 


our  Prints  or  Samples  for  Quotations 

ELECTRICAL  INSULATION  CO., INC. 

12  VESTRY  ST..  NEW  YORK  13,  N.  Y. 
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5648,  a  uhf  tube  for  oscillator  serv¬ 
ice  and  Ki*ounded-grid  power  ampli¬ 
fier  applications  up  to  2,500  me.  It 
has  a  cathode  voltage  of  6.3  volts. 
When  used  as  a  grid-separation  os¬ 
cillator  at  500  me  its  power  output 
is  25  watts. 

Geiger  Pulse  Generator 

El-Tronics,  Inc.,  1920  Lincoln  Lib¬ 
erty  Bldg.,  Broad  &  Chestnut,  Phil- 


NEW  PRODUCTS  (continiKd) 

low-pass  filter  eliminates  the  picture 
line  frequency  and  allows  a  maxi¬ 
mum  frequency  deviation  of  plus  or 
minus.  12  kc  to  be  monitored. 

UHF  Tube 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  has  developed  type  GL- 


Flow  Meter 


Charles  Engelhard  Inc.,  East 
Newark,  N.  J.  A  fiow  meter  de¬ 
signed  for  measurement  of  aviation 
gasoline  illustrated  has  a  linear 
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adelphia.  Pa.  Model  GPG2  is  a  low- 
frequency  pulse  generator  made 
especially  for  testing  and  calibrat¬ 
ing  Geiger  counter  apparatus.  It 
has  a  frequency  range  from  3  to 
960  cycles  and  is  completely  a-c 
operated. 


mUSTRIES 


This  Sensotionol  Picture  IF  &  Sound  IF  Strip  developed  by 
our  engineering  staff  ond  enables  you  to  build  o 
15"  -  20"  Direct  View  or  Projection  Type  Receiver  with 
FM  Sound  Supplied  with  o  13  Chonnel  RF  Front  End  Unit 

PICTURE  IF  &  SOUND  IF  STRIP 


PATENTS  PENDING 


Chaiiii 

Sis* 

4%"  X  ir  X  5 


BOTTOM 

VIEW 


Db  TUBES 

5— 6J6-^ctur«  IF  AmpUiier 


1.  nCTUBE  IF  STAGES 

Flv*  pictur*  IF  stages  oi  am- 
plificotion  and  second  detector 

2.  SOUND  IF  STAGES 

Two  IF  stages  with  limiter  and 
discriminator 

3.  VIDEO  STAGES 

Two  stoges  of  Video  with  a  fre¬ 
quency  response  of  4.5  me/s 

4.  ONE  D.C.  RESTOBER 

5.  IF  FREQUENCY 

Audio  21.25— Picture  25.75 


1— 416 — Picture  IF  Amplifier 
Detector 

1— 6AU6— 1st  Video  Amplifier 
1 — 6K6gt — 2nd  Video  Amplifier 
1—6AU6— Limiter 
1 — 6AL5  D.C.  Restorer 

1—  SAIS— Discriminotor 

2—  6BA6— Sound  IF  Amplifier 


Picture  IF  Bond  Width  4.5  mc/s 


S  All  the  Above  Circuits  end  tubes  ore  contoined  on  1  chossts.  *  Front  End 
Uniton  separate  chassis. e Both  Picrure  IF  fr  Sound  IF  delivered  completely 
wired,  tested,  tubed,  and  matched  ready  for  use. 


FRONT  END 


The  Front  End  covers  channels 
from  44  to  88  mc/s  and  174  to 
216  mc/s  (13  channels).  Matched 
anteima  input  for  300  ohm  line. 
Tubes:  1-6J6  RF  Amplifier  1-616 
Converter  1-616  Oscillator 


$110.50 


DEALERS  NET 


Contoct  Us  for  your  Locol  Distributor 
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FRONICS 


(,  a!e  that  covers  the  range  from  0 
to  2,000  pounds  per  hour  with  the 
fame  accuracy  for  small  or  large 
f  ow'  rates.  The  electronic  receiver 
unit  can  be  installed  at  any  distance 
from  the  transmitter  unit  (not 
fhown). 

Wbcal«»one  Bridge 

Industrial  Instruments,  Inc.,  17 
Pollock  Ave.,  Jersey  City  5,  N.  J. 
A  new  line  of  Wheatstone  bridges 
cumplete  with  batteries  and  hard- 
^^ood  case  have  both  Murray  and 


CO 


VICTOPEEN  INSTRUMENT 


THE 


5806 


OUGH 


A  high  initial  demand 
assured  a  most  thoro  job 
of  detailed  engineering 
and  production  tooling 


The  four  range  247A  portable  radiation  survey  meter  as  a 
result  is  a  super-fine  instrument  offering  unusual  stability 
and  accuracy  for  the  measurement  of  a  wide  range  of 
gamma  radiation  intensities. 


Model  247 A 

Gamma  radiation 
survey  meter 


Features: 
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Varley  loop  connections.  Galvano-  i 
sensitivity  is  one  micro-  j 
i  niiK  re  per  millimeter  division. 


P0LAR.M)  Electronic  Co.,  9  Ferrj 
5t.,  New  York  7,  N.  Y.  Televisior 
futui  and  waveform  monitoi 
biodd  M102  comprises  a  high  volt 
supply,  a  kinescope  and  an  oscil 
1  Moi  voltage  calibrator  for  wave 
form  monitor,  horizontal  and  verti 
tal  bar  generator,  phaseable  hori 
t'^ntal  and  vertical  pulse  cross,  an( 
«  (H  ■  ted  equipment.  The  unit  i 


[Television  Monitor 


(1)  Portable  and  compact  ...  (2)  Unusual  rugged  construction  .  .  . 
(3)  Four  ranges  of  gamma  ray  intensities:  2.5-25  -  250  -  2500 
milliroentgens  per  hour  ...  (4)  Ionization  chamber  hermetically 
sealed  ...  (5)  Meter  and  case  water  tight  ...  (6)  Zero  check 
for  meter  pointer  ...  (7)  Battery  and  sensitivity  check  .  .  . 
(8)  Intensity  ranges  color  coded  for  easy  identification  ...  (9)  Fur¬ 
nished  in  baked  gray  enamel  .  .  .  (10)  Built  to  take  any  normal 
abuse  required  of  a  field  survey  instrument. 


Victoreen  radiation  measuring  instruments  also  serve  the  entire 
field  of  nuclear  physics  and  associated  sciences — for  tracer  deter¬ 
minations,  portable  Geiger  counters  for  alpha,  beta  and  gamma 
measurements,  instruments  and  chambers  for  personnel  protection, 
and  high  grade  components  including  subminiature  electrometer 
and  voltage  regulator  tubes,  Geiger  counter  tubes  and  hi-megohm 
resistors  to  add  stability  and  dependability  to  the  increasing  prob¬ 
lem  of  radiation  measurement. 


Department  A 
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Continuous  frequency  coverage  up  through  the 
color  television  bands. 


ply — 117  Volt  60  Cycle  operation — Size  9"  x  17"  x  11"  —  Weight  35  Pounds. 
Price  $395  F.  O.  B.,  Pinebrook,  N.  i. 

Mfrs.  of  The  MICRO-PULSER,  The  TOUCH-TIMER,  Micro-Wave  com¬ 
ponents  and  High-Freguencv  Wavemeters,  and  other  specialized  elec¬ 
tronic  instruments. 


WIDE  RANGE 


designed  for  general  supervis' 
and  investigation  of  compc- 
video  signals  at  a  studio  or  reir:: 
point. 

Motor>Capacitor  Housing 

Aerovox  C(MlP.,  New  Bedford,  Ma; 
announces  availability  of  its  heav 


IN  GOOD  COMPANY 


Ftdtra!  Te/tcommuHicaHoH  Caborutorict. 


oriet.  Aff. 


TtLtPMOMt 


**^*>*fi 


Ieimont  Rabio  Corporation 

THE  MEGA-SWEEP 

FEATURES: 

CARRIER  FREQUENCY  50  kilocycles  to  500  megacycles  and  up. 

CtA/eCD  Prom  30  megacycles  to  30  kilocycles,  through- 
r KfryE/BlvV*  T  ivYCCr  out  the  complete  spectrum. 

CONTINUOUSLY  VARIABLE  ATTENUATOR 
LOW  AMPLITUDE  MODULATION 

WHILE  SWEEPING  Less  than  0.1  DB  per  megacycle. 

PfiFriCfOM  WAVFMFTER  Self-contained.  Reaulated.  Power  SuD- 


gauge  metal  motor-capacity  ho;;; 
ing.  It  completely  covers  and  pr 
tects  capacitor  and  terminals  rt 
quiring  no  auxiliary  caps  or  brack¬ 
ets. 

Photoelectric  Cell 

American  Scientific  Co.,  13* 
Marcy  Place,  New  York  52,  N.  Y. 
The  Iris  barrier-layer  cell  produce! 


23  MAPLE  AYE.,  PINE  BROOK,  N.  J.  CALDWELL  6-3710 
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COILS 

ARE  MADE  WITH 

PRECISION 
>  BOBBINS 


More  wire  can  be  wound  to 
give  stronger  magnetic 
field;  or  less  wire  of  larger 
gauge  to  reduce  resistance. 
Bobbin  cores  are  spirally 
wound  and  heat  treated 
under  compression  for 
greater  strength  with  less 
weight.  Insulation  strips 
ore  unnecessary,  permitting 
closer  winding.  Flanges  are 
designed  in  three  types  for 
maximum  winding  area. 
PRECISION  makes  Dl- 
FORMED  PAPER  tubes  any 
length,  any  ID  of  OD. 


WRITE  FOR  SAMPLES 


2041  W.  CHARLESTON  ST.,  CHICAGO  47,  ILL 

PLANT  NO.  2, 79  CHAPEL  ST.,  HARTFORD,  CONN. 


contact 


iRUSHES 


You’ll  Solve 

your  most  complex  switching  problems 
with  the  Model  MCM  Master  Midget 
Lever  Switch. 


It’s  adaptable  ...  it  gangs 
enough  contact  arrange* 
ments  to  handle  nearly  every 
circuit  change  you  can  conceive. 

It’s  compact . . .  small  enough  to  fit  in  the 
tightest  spots;  extends  only  2H  inches 
behind  panel;  weighs  only  ounces 
complete  with  twelve  springs. 

It’s  positive . . .  each  detent  action  is  fixed 
by  patented  stainless  steel  inserts;  full 
throw  in  non-lock  as  well  as  in  locking 
action. 

It’s  convenient . . .  has  single-hole  mount¬ 
ing;  contact  assemblies  are  detachable 

for  easy  wiring.  Rotary  actuator  and 

It’s  dependable . . .  contacts  handle  5  to  10  fo'  mount- 

amperes  at  115  volts  a-c,  depending  on  '”9  porailel  to  panel, 

load  characteristics;  test^  at  2500  volts 
'a-c  to  ground.  nH 

WRITE  TODAY  for  dwtaiUd  information  about  the  Modal  MCM  Switch 

^GENERAL  CONTROL  COMPANY 

1202  Soldiort  Fiald  Rd.,  Boston  3 A,  Mastachusatta 


CONTACTS 


Medal  MCM 
Matter  Midget 
Lever  Switch 


in 

for  hieh  current  density^  mini¬ 
mum  wear  Q  low  contactorep 
low  electrical  noise  Q  feH-luM- 
cation 

in  CONTACTS 

for  low  resistanceQnon-welding 
choracter 

GIAPHAILOY  works  where  others  won't! 
Specify  GIAPHALLOY  with  conMonce. 

*A  special  silver-impregnated  graphite 


ALTERNATE 

ACTUATORS 


Co.,  It: 
52,  N.  Y 
produce! 


Waterproof  handle 
for  marine  use. 
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NEW  PRODUCTS 


(continued ) 


RESISTORS 

IS  OUR  BUSINESS 


*  All  Makes 

•  All  Ohmages 

•  All  Tolerances 
Immediate  Delivery 


;4*t  open  i&Uex 


futncAcuinf 

€tHd  €uex  ne^UtofU: 

We  would  like  to  emphasis  the  fact  that  —  RESIS¬ 
TORS*  IS  OUR  BUSINESS  — and  we  really  mean 
it.  The  completeness  of  our  stock  —  ready  for  imme¬ 
diate  delivery — has  led  our  many  good  customers 
to  think  of  us  as  ‘Resistor  Headquarters.’ 

We  have  so  many  resistors  of  all  kinds  in  stock: 
carbon  insulated,  including  Allen-Bradley;  wire 
wound  or  vitreous  enameled  from  watt  to  200 
watts  and  from  Vt  to  20%  tolerance  —  color  coded 
per  RAAA  and  JAN.  y 

If  you  need  resistors,  we  suggest  you  wire,  tele¬ 
phone  or  write  us  —  stating  your  requirements  — 
and  find  out  for  yourself  about  our  prompt  and 
courteous  service.  As  others  have,  you  will  find.out 
it  is  convenient  and  pleasant  to  do  business  with  us. 

*and  Mica  Capacitors. 


Foreign  inquiries  invited. 
We  export  to  oii  countries. 


WRiTE  FOR 

new  price  iist  ^4-81. 


LEGRI  S  COMPANY,  Inc 

846  Amsterdam  Avenue 
New  York  25,  N.Y. 

Telephone:  ACademy  2-001 8 


several  hundred  microamperes  in 
strong  light.  A  circular  supplied  by 
the  manufacturer  suggests  various 
uses  including  burglar  alarms  and 
a  color-matching  device.  List  price 
is  $1.50. 

R-F  Amplifier 

James  Millen  Mfg.  Co.,  Inc.,  150 
Exchange  St.,  Malden  48,  Mass. 
The  r-f  amplifier  illustrated  uses  a 
type  829B  Jtube  and  plug-in  induct¬ 
ors  to  cover  the  amateur  2-  to  20- 
meter  bands  or  commercial  fre¬ 
quencies.  Adapted  to  either  panel 
or  table  mounting  the  unit  has  75 
watts  power  output. 


Flexible  Waveguide 

Airtron,  650  Bloomingdale  Road, 
Pleasant  Plains,  Staten  Island  9, 
N.  Y.  Flexible  waveguide  with 
electrical  properties  equivalent  to 
rigid  brass  type  and  a  constant- 
power  standing-wave-ratio  through¬ 
out  the  flexing  cycle  is  available  in 
all  sizes. 


Fire  Detector 

Control  Productts,  Inc.,  306  Sus 
sex  St.,  Harrison,  N.  J.  The  air 
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new  products 


(coiitiniMd) 


craft  fire  detector  illustrated 
weighs  1  ounce  and  operates  in  a 
normally  open  circuit.  False  alarms 
can  not  develop  under  vibration  be¬ 
cause  the  contactor  has  small  mass 
and  operates  only  with  heat. 


How  to  Increase  Profits 
Cut  Costs! 


Portable  High  Voltage 

Beta  Electronics  Co.,  1762  Third 
Ave.,  New  York  29,  N.  Y.  Model 
201  portable  power  supply  operates 
from  socket  power  to  provide  from 
0  to  80  kilovolts  of  d-c  power  at  cur¬ 
rents  up  to  300  microamperes.  Out¬ 
put  ripple  at  30  kv  is  less  than  2 
percent.  A  current  limiting  re¬ 
sistor  is  included  in  the  output  cir¬ 
cuit  in  case  of  flashover.  Applica¬ 
tions  for  the  device  are  television 
testing,  cathode-ray  oscillography, 
and  high-voltage  insulation  testing. 


In  these  days  of  high  labor  costs  it  is  of  the  utmost  importance 
to  maintain  peak  efficiency  in  your  production  and  maintenance 
operations.  Kester  Cored  Solders  are  dependable. 

Use  Kester  Rosin-Core  solder  for  all  electrical  work.  Its  uni¬ 
formity  and  pureness  will  increase  the  speed  of  all  soldering 
operations.  Be  sure  with  Kester. 


Continuous-Recording 

Camera 

Allen  B.  DuMont  Laboratories, 
Inc.,  2  Main  Ave.,  Passaic,  N.  J. 
Type  314  oscillograph-record  cam¬ 
era  is  applicable  to  all  standard  5- 
inch  c-r  oscillographs.  The  shutter 
remains  open  for  continuous-record 
operation  or  can  be  opened  momen¬ 
tarily  for  a  stationary  image.  Film 


KESTER  SOLDER  COMPANY,  4204  WRIGHTWOOD  AVENUE.  CHICAGO  39.  ILLINOIS 
EASTERN  PLANT:  NEWARK,  NEW  JERSEY  •  CANADIAN  PLANT:  BRANTFORD,  CANADA 
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NEW  PRODUCTS 


(cMtiniwc) 


by  ‘PINPOINTING’  THE  TROUBLE 

•  TO  SPEED  PRODUCTION. 

•  Enable  Quick  Correction  of 
Rejects. 

•  Save  Time  and  Money  all  along 
the  production  line. 

•  Capacity  for  the  biggest  TV 
chassis  or  the  tiniest  midget 
radio. 

•  Pre-tests  sub-assemblies  to  in¬ 
sure  final  assembly  operation. 

USED  BY  MAJOR  MANUFACTURERS* 

HIGH  SPEED  INSPECTION  —  Checks  a  circuit  per  second.  Up  to  119 
circuits  can  be  checked  for  resistance  to  tolerances  of  5%,  10%  or 
20%  as  required.  Shorts,  open  circuits,  incorrect  wiring  or  resistance 
values  are  detected  and  located  accurately  by  circuit  number. 

QUICK  JOB  SET-UP  — The  Model  1010  Rotobridge  takes  only  about 
15  minutes  to  set  up  and  so  may  be  used  with  great  advantage  on 
either  short  or  long  production  runs. 

NO  SKILL  REQUIRED  —  An  unskilled  operator  can  make  precise  tests  to 
your  highest  engineering  standards  and  specifications  and  merely 
’ticket’  the  trouble  by  number  for  follow-up  service. 

PROVED  PRODUCTION  TOOL  -  The  result  of  f  ~  7 

5  years  of  development  work.  Now  used  by  /  poors,,  ^  m 
some  of  the  major  low-cost  producers  of  tele-  /  p  # 

vision  and  radio  receivers.  /  now  ^  ..  ■ 


PRODUaiON  EXECUTIVES  AND  ENGINEERS: 
Ask  for  descriptive  literature  and  (if  you  have 
not  already  seen  it)  for  a  reprint  of  article 
entitled  “Automatic  Limit  Bridge  for  Production 
Testing"  from  the  Jan.  1948  ELECTRONICS. 


*  Names  on  request. 


speed  being  electronically  controUe  1 
and  indicated  on  a  calibrated  dial, 
is  continuously  variable  from  1  inch 
per  minute  to  6  feet  per  second. 

Tubular  Trimmer 

Erie  Resistor  Corp.,  640  West  12 
St.,  Erie,  Pa.  Types  631  and  682 
tubular  trimmers  have  a  low  mini¬ 
mum  capacitance  in  the  range  1  to 
8  micromicrofarads,  power  factor 


of  0.1  percent,  and  rated  voltage  of 
360  volts  d-c.  Complete  specifica¬ 
tions  are  available. 

Fuse  Holders 

Littelfuse  Inc.,  4767  Ravenswood 
Ave.,  Chicago  40,  Ill.  The  fuse  hold¬ 
ers  illustrated  are  suitable  for  type 
4AG  and  3AG  instrument  fuses. 
The  improved  extractor  posts  fea¬ 
ture  dead-front  panel  installation 
and  are  further  described  in  cata¬ 
log  9. 


Heavy-Duty  Filters 

Solar  Mpg.  Corp.,  1446  Hudson 
Blvd.,  North  Bergen,  N.  J.,  has 


COMMUNICATION  MEASUREMENTS  LABORATORY,  INC. 


170  Greenwich  Street  •  New  York  6,  N.  Y. 


Cable:  COMUNILAB,  New  York 
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New  SUPERHET  TUNER 

by  ''Adaptor'  has 

numerous  valuable  applications 
for  MANUFACTURERS. 
Efficient  and  Economical 


Cs  > 


~Adaptol'*  8ni>«rhet  Timer  !■  romvact. 
HiKblT  suitable  for  use  In  conlunctlon  with 
Wire  and  Tape  Recorders.  Has  manr  RroeH- 
menfol  uses  .  .  .  Tuner  for  Custom-Built 
Kadios  .  .  .  Has  man.r  "convereion”  uses. 

CIRCUIT  FEATURES:  Self-contained  votcer 
tueplu  for  llOV  D.C.  A.C.  50-60  cyclea  .  .  . 
Tkree  tube  circuit  of  conTentlonal  deshtn. 
usina  the  latest  mtntatare  and  dual  purpoee 
tubes.  Osclllator-coiiTerter:  I.F.-2nd  detec¬ 
tor:  A.C.  rectifier  .  .  .  Permeability  tuned 
drift-free  I. P.'s  .  .  .  Approi  .6  Tolt  audio 
output  across  interral  .0  megohm  internal 
load  resistor,  on  ayerage  B.O.  signal  with  fire 
foot  antenna  .  .  .  Units  indiyidtialiy  tracked 
at  POUR  points  through  tuning  range  of 
540-1700  kc  .  .  .  COMPACT;  Approximately 

Write  for  prices  and  further  details  to: 

ADAPTOL  CO. 

Dept.  E. 

120  New  Lots  Ave.  Brooklyn,  N.  Y. 


High  Quality 

MAGN  ET  IC 
IRON  CORES 


FROM 
1000  CPS 
f  TO  ^ 
200 

MEGACYCLES 


\V 


Pioneer 
and  largest 
Manufacturers  of 

DUMBELL 
IRON  CORES 


Lmt  our  engineera  help  de- 
•ign  high  quality  coils  to  meet 
the  days  exacting  requirements. 


Address  all  inquiries  to 

MAGNETIC  CORE  CORP. 

142  South  Highland  Ave.,  Ossining,  N.Y. 
Telephone,  Ossining  222 


ANOTHER 
SPECIAL  BT 
PROCRESSIVE 


auction  l^J^  jchssin*  •n®  N 


MetdUic  Rectifiers  Since  1923 


Selenium 


Copper 

Sulphide 


A  modem  plant  plus  a  resonrceiul  engineer¬ 
ing  staff  cmd  a  quarter  century  of  experience 

provide  the  "know-how"  and  facilities  to  serve 
YOUR  AC  to  DC  power  conversion  require¬ 
ments. 

Manufacturers  of  selenium  and  copper  sulphide  rectifiers, 
rectifier-transformer  assemblies  and  AC-DC  power  supply 
units  for  every  requirement. 

Consulting  service  available 
without  obligation 

THE  BENWOOD-LINZE  CO. 

Division  of  the  Sperry  Corporation 

1815  Locust  St.  St.  Louis  3,  Mo. 

Long  Distance  Telephone  CEntral  5830 


electronics  — februory,  194S 


ELECTRIC  PRODUCTS  CORPORATION 

1057  Summit  Avenue  Jersey  City  7,  N  j. 

Precision  Components 


SPOTLIGHTING 


NEW  PRODUCTS  (coiitmiN^) 

made  available  the  type  EB  series 
of  heavy-duty  radio  interference 
filters  for  wiring  circuits,  screen 
rooms  and  industrial  electrical 
equipment.  The  assemblies  have  a 
nois'e  elimination  range  of  from  150 
kc  to  250  me. 


TELEVISION 

HI-VOLTAGE 


COILS 


■and  SUPER  coils  for  FM, 
standard  broadcast  and 
all-ware  receivers 


Carrier  System 

General  Telephone  Service  Corp^ 
80  Broad  St.,  New  York  4,  N.  Y. 
The  GTQ-411  is  a  simple  short-haul 
carrier  system,  adaptable  for  ring- 
down-toll,  remote-community,  or 
subscriber  service.  Plug-in  type 
connections  are  used  between  its 
five  panels.  The  unit  will  soon  be 
available  to  the  industry  at  a  mod¬ 
erate  cost. 


8-pa] 
of  n 
airci 


Super  Electrics’  prime  objective  in 
the  design  and  manufacture  of  radio 
coils  is  precision  and  performance. 


^ — The  illustrated  television  hi-voltage  coil 
supplies  10  watts  hi-voltage  r.f.  power. 

2 — It  is  suitable  for  incorporating  into  hi- 
voltage  r.f.  power  supplies ■  with  output 
voltages  obtainable  between  the  limits 
of  2,000  and  10,000  volts  when  operated 
half-wave. 

2 — It  is  also  suitable  for  doubling  or  trip¬ 
ling  to  20,000  or  30,000  volts. 

^ — These  coils  can  be  designed  to  customer 
specifications  for  higher  voltages  up  to 
90,000. 

5 — Circuit  diagrams  can  be  supplied. 


com] 

8wit 

ance 


As  a  chain  is  no  stronger  than  its 
weakest  component,  users  of  Super 
coils  have  continuously  found  them 
to  be  the  strongest,  most  durable  of 
their  components  .  .  .  because  crafts¬ 
manship  and  technique,  garnered 
over  sixteen  years  of  manumeturing 
experience,  have  proved  them. 


Terminal  Block 

Curtis  Development  &  Mfg.  Co., 
1  North  Crawford  Ave.,  Chicago  24. 
Ill.  Type  FTS  feed-through  termi¬ 
nal  block  has  clearances  for  use  in 
circuits  carrying  up  to  300  volts 
and  currents  of  20  amperes.  Any 


We  welcome  the  opportunity  to 
solve  your  coil  problem. 


USE  OF  THE  FOLLOWING 
SUPER  ElEaRK  (0. 
COMPONENTS 

fnrficoftd  by  do*t 


BAND  PASS  ANTENNA 
COIL  (Doubit  Tunvd) 


number  of  terminals  can  be  furn¬ 
ished  up  to  16.  A  solder  connection 
is  used  on  one  side  and  a  screw 
terminal  on  the  other. 


BAND  PASS  l-F  COIL 

(D»ublv  Tuntd) 


Im  addition  to  the  components  described,  SUPER  will  build  to  customer  specifications. 


Brazing  Turntable 

Lepel  High  Frequency  Labora¬ 
tories,  Inc.,  39  West  60th  St.,  New 
York  23,  N.  Y.  A  new  automatic 
turntable  for  continuous  soldering 
of  small  parts  uses  cup  receptacles 
to  simplify  positioning  of  parts  as 
they  pass  through  the  work  or  heat- 
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MASS  PRODUCERS  OF  AMJWNAS 
SINCE  THE  START  Of  «W0ADCASTING 


L.  S.  BRACK  MFC.  CORP 


200  CENTRAL  AVE.,  NEWARK  4,  N.  J 


hew  products 


icontinmd} 


DESIGNED  TO  MEET  EVERY  REQUIREMENT 


Literature 


Precipitation  Static.  Dayton  Air¬ 
craft  Products,  Inc.,  342  Xenia, 
Dayton,  Ohio,  has  just  released  an 
8-page  booklet  telling  about  means 
of  reducing  precipitation  static  in 
aircraft  radio. 


Be  assured  of  maximum  reception  and  trouble- 
free  operation  with  Brach  FM  &  TV  antennas.  They  are 
recommended  for  their  simplicity,  ease  of  installation 
and  durability  by  service-men,  installation  engineers 
and  dealers.  Brach  features  a  complete  line,  engi¬ 
neered  for  maximum  performance  and  to  meet  all 
individual  problems  and  requirements. 

All  antenna  kits  are  complete,  containing  a  five 
foot  steel  nuist,  non-corrosive  aluminum  elements, 
ample  down-lead,  all  necessary  hardware  and  the 
Brach  Universal  Base  Mount  which  permits  a  360* 
rotation  of  the  mast  to  any  position  on  any  type  of 
building  after  the  mount  has  been  secured.  Guy  wires 
are  also  included  and  give  complete  protection  and 
stability  to  the  installation. 

Brach  antennas  feature  a  low  standing  wave 
ratio  for  peak  reception  and  can  be  obtained  to  cover 
all  channels  from  44  to  216  MC.  Each  type  of  antenna 
has  been  tested  to  give  a  uniform  pattern  over  the 
frequency  range  specified. 

ATTENTION.  USERS  OF  PRIVATE  BRANDS 

L.  S.  Brach  Mfg.  Corp.,  experienced  in  the  de¬ 
velopment  and  manufacture  of  all  types  of  receiving 
antennas,  offers  engineering  and  mass  production 
facilities  for  the  design  and  production  of  antennas 
to  individual  specifications. 


MACH  STtAICHT  DirOlE 
FO«  FM  #334  M-tM  MC 
FO«  TV  #333  44-M  MC 
AccMaory  tafWctor 
fm  #334-t 
AccMSOry  l•4•ctor 
for  TV  #333-1 


Voltage  Doubler  Capacitor.  Cor- 
nell-Dubilier  Electric  Corp.,  South 
Plainfield,  N.  J.,  has  just  issued  a 
data  sheet  NB-101  on  the  type  T- 
121  television  voltage  doubler  ca¬ 
pacitor. 


MACH  STIAIGMT  DIFOIE 
SMOVTN  WITH  EEFIECTOE 


Parts  Catalog.  Insuline  Corp.  of 
America,  Long  Island  City  1,  N.  Y. 
ICA’s  new  catalog  N-48  has  52 
pages  and  lists  more  than  2,000 
radio  and  electronic  components, 
as  well  as  several  thousand  stand¬ 
ard  parts. 


IRACN  FOLDED  DIfOlE 
FOR  fm  #335  MC 

FOR  TV  #337  44-M  MC 
AccMaocy  RoAoctf  Kit— 
For  fm  #335-R 
AccMtory  RoAoctor  Kit— 
For  TV  #337  R 


SEND  FOR  CATALOG  SHEETS 


A-C  Contactors.  Ward  Leonard 
Electric  Co.,  31  South  St.,  Mount 
Vernon,  N.  Y.,  has  just  issued  bul¬ 
letin  4451  telling  about  a  new  line 
of  solenoid-operated  a-c  con¬ 
tactors  suitable  for  carrying  cur¬ 
rents  up  to  25  amperes. 

Plastic  Knobs.  Rogan  Brothers, 
2500  W.  Irving  Park  Blvd.,  Chi¬ 
cago  18,  Ill.  Plastic  knobs,  control 
handles,  instrument  knobs,  and 
materials  for  their  manufacture 
are  listed  in  a  new  illustrated  cat¬ 
alog. 


furn- 

ection 

screw 


BRACH  CROSS  DIFOIE 
FOR  FM  #344 
B8-10B  MC 


BRACH  BROAD  BAND 
for  fm  S  tv  #338 
44-1D8  MC 
174-316  MC 


LBORA- 
,  New 
imatic 
iering 
(tacles 
rts  as 
•  heat- 


Dust  and  Fume  Sampler.  Mine 
Safety  Appliances  Co.,  Braddock, 


WORLD'S  OLDEST  AND  LARGEST  AAANUFACTURERS  OF  RADIO  ANTBJNAS  AND  ACCESSORIES 
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10035 


Nos.  10035  and  10039 
Multi-Scale  Dials 


A  ^ir  •(  Irwiy  "D*«ign«d  for  Apglical!«n” 
control!.  Largo  ponol  ttylo  dial  hoi  12  to  1 
nrtio;  tizo,  x  6W".  Small  No.  10039  hot 
t  to  1  ratio;  zizo,  4"  x  3'A".  Solti  aro  of  com¬ 
pact  mochanical  doiign,  oaty  to  mount  and 
hovo  totally  toH-conlainod  moctianitm,  thus 
oliminaling  bock  of  ponol  Intorforonco.  Pro- 
vUion  for  mounting  and  marking  auxiliary 
control!,  !ucli  o!  zwHcho!,  potontiomotor!,  otc., 
providod  on  Iho  No.  1003S.  Standard  finizti, 
oHhor  !izo,  flat  black  arl  motal. 


JAMES  MILLEN 
MFC.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


Thomas  and  Meade  Sts.,  Pitts¬ 
burgh  Pa.  Bulletin  CT-3  briefly 
describes  the  catalog  no.  CT-14650 
dust  and  fume  sampler  for  use  in 
stacks  or  ducts  at  rates  up  to  3 
cubic  feet  per  minute. 

Plastic  Insulated  Cmiductors. 
Phalo  Plastics  Corp.,  25  Foster 
St.,  Worcester  8,  Mass.  A  new  18- 
page  catalog  lists  all  kinds  of 
plastic  insulated  wire  and  cables, 
cord  sets  and  miscellaneous  as¬ 
semblies. 

Artificial  Atmospheres.  Bowser 
Inc.,  Terryville,  Conn.  Controlled 
relative  humidity,  low  pressure, 
and  temperature  are  available  in 
packaged  form  with  simulation 
units  described'  in  brochures  re¬ 
cently  issued. 

Wire  Recording.  Lear  Inc.,  11916 
West  Pico  Blvd.,  Los  Angeles  34, 
Calif.  Specifications  and  booklets 
are  available  on  the  WR-105  wire 
recorder. 

Radioactivity  Measuring  Equip¬ 
ment.  T  acerlab,  Inc.,  55  Oliver 
St.,  Boston,  Mass.  Issue. 7  of  Trac- 
erlog  includes  articles*  on  radio¬ 
activity  measuring  equipment,  ra¬ 
dioassay  techniques,  radioactivity 
reference  sources,  and  radiochemi¬ 
cal  services. 

Time  Switch.  Sangamo  Electric 
Co.,  Springfield,  Ill.  Type  S  time 
switch  is  described  in  bulletin 
1050. 

Strain  Gage  Instruments.  Ander- 
son-Fluke  Engineering  Co., 
Springdale,  Conn.  Two  new  24- 
channel  strain  gage  instruments, 
model  301  Strainmeter,  and  model 
302,  Bridge  Balancer  are  reviewed 
in  a  brochure  available  from  the 
manufacturer. 

High  Voltage  Resistors.  Resist¬ 
ance  Products  Co.,  714  Race  St., 
Harrisburg,  Pa.  Bulletin  2  is  a 
single  sheet  filled  with  informa¬ 
tion  about  the  type  B  high  voltage 
resistor. 

Tube  Manual.  Commercial  Engi¬ 
neering,  RCA  Tube  Dept.,  Harri¬ 
son,  N.  J.  will  send  you  a  copy  of 
Manual  RC-15  upon  receipt  of  35 


SHoKWaves 
in  Phase 
Instead  of  2 

By  adding  an  additional 
half  wave  dipole  to  its 
well-known  beacon  an¬ 
tenna,  the  Workshop  has 
stepped  up  the  power 
gain  from  2H  lo 
times  that  of  the  ordinary 
coaxial  dipole. 

Other  new  design  features 
include  a  new  molded 
fiberglass  housing  for 
greater  strength,  less 
weight,  and  lower  oper¬ 
ating  losses. 

Design  Highlights 

•  Low  angle  of  radiation 
concentrates  energy  on 
the  horizon. 

•  Symmetrical  design 
makes  azimuth  ptattern 
circular. 

•  Can  be  fed  with  various 
tyjjes  of  transmission 
lines.  Special  fittings 
are  available  for  special 
applications. 

•  Entirely  enclosed  in  non- 
metallic  housing  for 
maximum  weather  pro¬ 
tection. 

•  Designed  specifically  for 
152-162  me.  with  a  low 
.SWR  over  the  band. 

Available  for  immediate 
delivery  through  author¬ 
ized  distributors  or  your 
equipment  manufacturer. 


THE 


PAT.  APP.  POP 


WORKSHOP 
ASSOCIATES 

INCORPORATED 

Specialists  in  High-Frequency  Antennas 

66  NEEDHAM  STREET 
Newton  Highlands  61,  Mass. 
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HIGH  PERFORMANCE  “RdeUf^ 


FLEXIBLE  SHAFT  COUPLINGS 


Stainless  Steel 
MACHINE  SCREWS 

and  Rivets 


REMOTELY 

CONTROL 


BAND  SWITCHES 

POTENTIOMETERS 

TUNING 

CONDENSERS 

NEUTRALIZING 

CONDENSERS 


RADIO  WIRE 
SHIELDING! 


SIMPLIFY  YOUR  DESIGN  PROBLEMS 

FLEXIBLE  SHAFT  COUPLINGS 


Here  is  absotulely  accural*  and  affortlass  ramol*  control  al  its 
(inasl.  Dapondability  built  (or  troubla-lra*  sarvica.  Sand  spaciFicotions  (or  our  racommandotions  ond  pricas. 


RADIO  WIRE  SHIELDING 


Flat  wir*  construction  with  smooth  innar  and  oular  sur(ac*s  mokas 
it  mora  rigid,  aosiar  to  hondl*.  Mokas  smoolhar  bends  and  allows  (or  quicker  insertion  o(  wires.  Used 
to  shield  audio,  radio  and  video  circuit  components.  Popular  in  discriminator  ond  talavision  circifits. 
Sold  in  vorious  diamalars  in  mill  lengths  o(  over  10  (eat  or  cut  to  exact  lengths.  Available  in  tinned 
steal,  copper  and  brass  (or  easy  soldering.  ECONOMICAL. 


Screws  . . .  nuu  . . .  wostMn 

...  pin*  .  .  .  Allm«tctl  coniM 
tk*  Icogait  stock  in  ths  countrf  of 
stcdalosB  stool  lostonors  and  scrow 
machino  ports.  Wo  also  boro  la* 
dUtios  for  hooding,  tapping.  driU* 
ing.  roaming,  slotting,  turning, 
stamping,  broaching  and  contor- 
loss  grading,  making  possiblo 
prompt  doliTory  of  spocials.  Wo 
work  not  only  with  stoinloss  ond 
monoL  but  cdso  with  duralumin, 
aluminum,  bross^  bronso.  or  any 
otbor  non-corrosiTO  motoL  AU 
ports  producod  to  closo  toloroncos. 


Lorgest  stock  in  nation  of 
Stainless  Steel  Fasteners 


W«  also  carry:  Cap  Scrows. 
Bolts,  Washsrs.  Nuts.  Wood  Scrows. 
Topor  Pins.  Cottor  Pins.  Pip#  Fit* 
tings  and  VoItos.  Sockst  Scrows. 
Wing  Nuts.  Thumb  Scrows,  Soli* 
topping  Scrows.  stc. 


Sigma's  specialty  is  the  supplying  of  relays  to  meet  unusually  exacting 
requirements.  Such  success  os  we  enjoy  is  due  as  much  to  willingness  to 
study  applications  in  detail  os  to  basically  good  relay  designs. 

You  ore  urged  to  take  advantage  of  this  in  submitting  your  problem, 
^  —  by  stating  particulars  of  purpose  and  function, permitting 
/niniJA  ***  relay  os  port 

(  I  iMAl  °  complete  system.  / 


•  HIGH  SPEED  •  LOW  INPUT 

•  LONG  LIFE  •  CLOSE  TOLERANCE 

AC  ....  DC  ...  .  POLAR 


ntemoi 


^^JZ/nd^(XAAJ<,  RELAYS 

62  Ceylon  St.,  Boston  21,  Mass. 
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TRONIC! 


NEW  PRODUCTS  (cMHnued) 

cents.  The  familiar  handbook, 
just  brought  up  to  date  is  also 
available  from  distributors  and 
stores.  Tubes,  circuits,  R-C  ampli¬ 
fiers,  and  a  receiving  tube  classi¬ 
fication  chart  are  among  the  fea¬ 
tures. 


Test  Speaker.  Test-Craft  Instru¬ 
ment  Co.,  42  Warren  St.,  New  York 
7,  N.  Y.  Send  for  an  illustrated 
circular  on  the  new  model  TC-48 
universal  combination  test 
speaker. 


•  ROK-LOK — new  ••ntiliv*  matorial  clamp  incroosM  accuracy 
a  DOUBLE-EDGED  FORMING  BLADE  allaw*  cla««  ravon*  band* 

#  NEW  PREOSION  ^TOPS  occurataly  cairiral  angularity  af  bands 

This  versatile  metal  forming  machine  was  developed 

for  use  in  model  shops,  experimental  laboratories  and  production  depart¬ 
ments  where  it  often  replaces  dies  for  all  types  of  precision  forming  opera¬ 
tions.  Di-Acro  Brakes  will  form  a  gr^t  variety  of  materials  including 
bronze,  stainless  steel,  aluminum  and  bi-metals. 

WRITE  FOR  CATALOG.  New  edition  of  40-page  Di-Acro  Catalog  con¬ 
tains  detailed  information  on  all  Di-Acro  Brakes,  Shears, 

Benders,  Notchers,  Rod  Farters,  Punches  and  illustrates 
how  these  precision  machines  can  be  used  individually  or 
cooperatively  for  “DIE-LESS  DUPLICATING”. 

_  ^  DI-ACRO  U  Pranouncod  "Dia-Acb-Ro” 


Service  Test  Equipment.  General 
Electric  Co.,  Syracuse,  N.  Y.  Cat¬ 
alog  ESD-129  lists  specifications 
of  nine  instruments  used  for  test¬ 
ing  receivers  and  electronic  equip¬ 
ment. 


Resistors,  Rheostats  and  Relays. 
Ward  Leonard  Electric  Co.,  53  W. 
Jackson  Blvd.,  Chicago  4,  Ill.  Cat¬ 
alog  D-30  covers  all  sorts  of  re¬ 
sistors  and  rheostats  as  well  as  a 
stock  line  of  relays  for  radio  ama¬ 
teurs. 


3  21  BTH  AVE.,  LAKE  CITY,  MINNESOTA 


High-Frequency  Dielectric.  Gen¬ 
eral  Aniline  &  Film  Corp.,  444 
Madison  Ave.,  New  York  22,  N.  Y. 
Electric  Polectron  Dielectrics  is 
the  title  of  a  21-page  slick-paper 
treatise  on  a  new  plastic  material. 


Radio  Predictions.  Superintendent 
of  Documents,  Washington  25, 
D.  C.  (send  no  stamps)  has  copies 
of  Circular  C465  at  25  cents  telling 
how  to  use  the  monthly  publica¬ 
tion,  “Basic  Radio  Propagation 
Predictions — Three  Months  in  Ad¬ 
vance”. 


Audio  Components.  Audio  Devel¬ 
opment  Co.,  Minneapolis  7,  Minn. 
Catalog  46A  covers  transformers, 
patch  cords  and  plugs,  filters, 
jacks  and  jack  panels  in  15  pages. 


Air  Filter.  Trion,  Inc.,  1000  Island 
Ave.,  McKees  Rocks,  Pa.  A  data 
file  with  illustrations  is  available 
on  a  new  electronic  air  filter  now 
available  in  several  capacities. 


Tape  Recording.  Magnephone  Div., 
Amplifier  Corp.  of  America,  398-7 
Broadway,  New  York  13,  N.  Y.  A 
series  of  tape  recorders  and  acces¬ 
sory  equipment  for  sound  up  to 
12,500  cycles  is  pictured  in  eight 
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Tracing  cloth 
that  defies 
time 


SYNTHETIC  SAPPHIRE  For.  Resistance 
to  All  Commercial  Chemicals 


If  corrosion  resistance  of  small  parts  is  important  to 
your  product,  it’s  worthwhile  to  consider  Linde  syn¬ 
thetic  sapphire.  Tliis  new  raw  material  resists  chemical 
attack  and  wear.  It  has  high  electrical  resistance  — 
low  thermal  conductivity. 


1.  Chemical  Resistance . .  All  acids  3.  Thermal  Conductivity  .  .  0.015  (cal. 

2.  IUrd„.«,  (Knoop)  1,525  to2,000  "  *' 

4.  Dielectric  Constant . 7.5  to  10 


Half  boules,  weighing 
up  to  150  carats  ' 


Send  for  Data  Sheet  No.  5  for  all  the  specific  properties  of 
this  advantageous  material — I.INDR  synthetic  sapphire. 


The  Linde  Air  Products  Company 

Unit  of  Union  Carbide  and  Carbon  Corporation 

30  East  42nd  Street  |lN^  New  York  17,  N.  Y. 

In  Canada: 

Dominion  Qxygen  Company,  Limited,  Toronto 

Tbe  wuril  "LiiiiU**  ii  ■  tm  le-mark  of  The  Linde  Air  Product*  Cumpanr 


Rods,  0  065  in 
to  0.125  in.  diometer 


•  The  renown  of  Imperial  os  the  finest  in 
Tracing  Cloth  goes  back  well  over  half  a 
century.  Draftsmen  all  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  cloth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  clear,  hard 
pencil  lines,  try  Impurial  Pencil  Tracing  Cloth. 
It  is  good  for  ink  as  well 


IMPERIAL 


-ira- 


SOLD  BY  LEADING  STATIONERY  AND  DRAW¬ 
ING  MATERIAL  DEALERS  EVERYWHERE 
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SUCCESSOR  TO 
RH-243 

An  adoptcrtion  of  the  famous  RH-7  crystcd  uidt  RH-7C  oU' 
fers  such  advomtages  as: 

•  Smaller  Size  (1"  x  W  x  11/32".  more  than  Vs  smaller 
than  RH-243) 

e  Smaller  Weight  (Less  than  V*  the  weight  of  RH-243) 

•  Improved  Accuracy  (con  be  made  to  t0J)0S*4  over  cf 
temperature  range  of  —  S5*  C  to  d-  90*  C). 

e.  Greater  Frequency  Range  (3-lS  me  Fundamental  and 
15-75  me  Harmonic  Mode,  compared  to  RH.243*s  3100. 
10i)00  kc.) 

a  True  Hermetic  Seal 

•  The  Greater  Stability  of  Wire  Moimting 
e  Completely  Interchangeable  with  RH-243 


REEVE5-HOFFMAN 

CORPORA  T-  ION 

SALES  OF, F  ICE  215  EAST  91  STREET,  NEW  YORK  28  N  Y 
PLANT  321  CHERRY  STREET,  CARLISLE,  PA 


TRANSCRIPTION 

EQUIPMENT 


And  that's  important  because 
the  primary  purpose  of  any 
loudspeaker  is  to  convey  intel¬ 
ligence  and  not  just  make  a 
loud  noise.  UNIVERSITY 
loudspeakers  —  with  the  high¬ 
est  conversion  efficiency  of  any 
speaker  of  comparable  'size  — 
not  only  give  maximum  sound 
Oiilput  with  minimum  power 
input,  but  reproduce  every  de¬ 
tail  “and  inflection  of  the  voice 
at  all  levels. from  a  whisper  to 
a  shout. 

A  JOB-RATED  SPEAKER 
FOR  EVERY  APPLICATION! 


NEW  PRODUCTS 


(continutd) 


pages  now  available.  Included  is 
information  on  an  8-hour  continu¬ 
ously  pla3nng  model. 


Insulation.  Mitchell-Rand  Insula¬ 
tion  Co.,  Inc.,  51  Murray  St.,  New 
York  7,  N.  Y.  Just  received  is  a 
43-page  booklet  describing  the 
company’s  many  insulating  prod¬ 
ucts  indexed  from  “air  drying  var¬ 
nish  no.  16”  to  “wire  solder” 
(sic!). 


GRAY 


Electrical  Laminations.  Thomas  & 
Skinner  Steel  Products  Co.,  1122 
East  23rd  St.,  Indianapolis,  Ind. 
Catalog  47  gives  complete  infor¬ 
mation  on  the  company’s  stock 
lamination  dies,  and  additional 
data  on  weights,  characteristics, 
and-  applications'  of  electrical 
steels. 


For  your  fovorito  cartridgo,  luch  at  Iho  now 
GE  Variablo  t^oluctanco  and  Pickoring 
130M.  Asturot  optimum  porformanco;  givot 
tmoothott  pottiblo  froquoncy  rotponto,  ro- 
ducot  turfaco  noito  ratio,  providot  adfutt- 
ablo  tcolo  to  convoniontly  roguloto  for  idoal 
porformonco  of  tho  particular  pickup  in 
uto.  Not . $3S.OO 


VIBROMASTER  TYPE  K 
PROFESSIONAL  ARM 


Vibration  Mounts.  Hamilton  Kent 
Mfg.  Co.,  Kent,  Ohio.  Rexon  vibra¬ 
tion  mounts  are  illustrated  and 
their  characteristic^  and  specifica¬ 
tions  given  in  an  8-page  brochure. 


it  typical  of  typot 
avoMoblo  for  ov- 
ory  roquiromont— 
voko,  mutk,  pag¬ 
ing  and  talk-back. 


Nylon  Strip.  Polymer  Cofp.,  Read¬ 
ing,  Pa.  A  folder  has  just  been 
printed  that  outlines  some  of  the 
applications  of  nylon  rod  and  strip 
and  a  process  for  coloring  molded 
nylon. 


for  General  Electric  Variable 
Reluctance  Or  the  New 
Pickering  170M  Cartridge 


MODEL  SAH  DRIVER  UNIT 

On#  of  tovoral  IBUM 

high  officioncy 
modoh  with  con- 
tinuout  powor  ca-  alB 
pocitiot  up  to  25 
wattt.  All  uncon- 
ditionally  guaron-  Kl 
toed  for  one  yoor. 


Retononce  chorocterittic  flat  plui  or  minut 
Vi  Db  40  to  1000  eyelet  (meotured  in 
10-cycle  tteps  throughout  retonont  range). 

Price,  net  lest  cartridge . $34.50 

General  Electric  Cartridge . $  4.77 


Industrial  Controls.  Langevin  Mfg. 
Corp.,  37  West  65th  St.,  New  York 
23,  N.  Y.  Bulletin  1022  contains 
information  on  the  model  PR-400 
series  photoelectric  control-ampli¬ 
fier  used  as  a  transducer  between 
phototube  and  machinery  control. 


The  Pickering  Cartridge 
gives  professional  qual¬ 
ity  to  your  home  pho¬ 
nograph.  It  mounts  in 
practically  any  arm, 
operates  perfectly  even 
at  30  cps,  with  but  15 
grams  pressure;  linear 
respanse  ta  aver  10,000 


PAGING;  CALL-RACK  SPEAKERS 

Available  in  many 


cpt.  Available  with  sap¬ 
phire  (S130M)  ot  $15.00 
net,  or  with  diamond 
(D120M)  at  $39.75. 


SUPER  POWER  SOUND  PROJEaOR 

150  and  300 watts 
vidth  ranges  up  to 


Ceramics  Data.  American  Lava 
Corp.,  Chattanooga  5,  Tenn.,  has 
issued  Bulletin  No.  246  describing 
the  mechanical  and  electrical  prop¬ 
erties  of  Alsimag  ceramics  with 
detailed  charts  and  tables. 


The  Pickering  Equalizer- 
Amplifier  works  with  the 
Model  120M  Pickering 
Cartridge,  providing  a 
full  20  db  of  boss  boost 
for  record  compensation. 
Complete  with  built-in 
low-pass  filter  switch  to 
minimize  needle  Kratch 
on  noisy  records.  Model 
125H,  $19.50  net. 


EXPLOSION,  SURMERGENa  PROOF 

for  use  in  mines, 

roads,  mqrine,etc. 
Immune  to  live 
steam,  salt-spray, 
or  complete  Im* 
mersion. 


X-Ray  Diffraction  Camera.  North 
American  Philips  Co.,  Inc.,  100  E. 
42nd  St,  New  York  17,  N.  Y.  A  4- 
page  folder  shows  the  construction 
and  explains  the  application  of  the 
new  x-ray  diffraction  camera  which 
is  especially  adapted  to  fiber  analy¬ 
sis. 


NOTE:  All  prices  are  Net,  F.O.B.  N.Y.C.  '= 
and  are  subject  to  change  without  notice. 

LOngacre  3-1800 


T*l*phon*: 


Relay  Data  Sheets.  Globe  Elec¬ 
trical  Mfg.  Co.,  11019  Buford  Ave., 
Inglewood,  Cal.  Three  loose-leaf 
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FOR  PERSONALIZED 
AHENTION 
TO  YOUR 
RESISTANCE  WIRE 
PROBLEMS 


for 

Accurate 

Computing 


CONSULT  JELLIFF 

When  confronted  urith  any  retiitance  problem, 
lake  advanugc  of  the  divenified  expcriencct  of 
JeUiff  in  lelecting  the  proper  alloys  for  your 
specific  applications. 

For  recommendations,  literature,  prices  and  de¬ 
livery  of  JeDilf  Quality  Alloys  get  in  touch  with 
our  nearest  tales  representative  or  communicate 
direct  trkh  Southport,  Connecticut.  Write  or 
phone  for  Prompt  Actiao. 

JELLIFF  SALES  REPRESENTATIVES 

BOSTON,  MASS.  Phone:  LIBERTY  1277 

White  Sales  Co.,  Room  }02,  10  High  St. 

CHICAGO,  ILL  Phono:  STATE  5292 

William  Maxwell  Co.,  107  N.  Wacker  Driw 

CLEVEUND,  OHIO  Phono:  MAIN  8585 

A.  J.  Loch  &des  Co.,  1836  Euclid  Avc.  So. 

lOS  ANGUES,  CALIF.  Phono:  TRINITY  7353 

PerlmutlvColman  Associates,  942  Maple  Ave. 

MINNEAPOLIS,  MINN.  Phono:  GENEVA  3373 

Volco  Company,  622  McKnight  Builduig 

NEW  YORK,  N.  Y.  Phono:  CALEDONIA  5-1776 

R.  B.  Dana  Company,  101  Park  Avc. 

PMLA.,  PA.  Phono:  KINGSLEY  5-120S 

S.  K.  MacDonald,  1331  Spruce  St. 

PITTSBURGH,  PA.  Phono:  CEDAR  3000 

Wm.  M.  Orr  Co.,  1228  Brighton  Rd. 

ROCHESTER,  N.  Y.  Phono:  MONROE  5392 

J.  R.  Hanna,  P.  O.  Box  93,  Brighton  Station 

SEATRE,  WASH,  Phono:  SE-0193 

Perlmuth-Colman  Associates,  704  Third  Avenue 

HUU,  QUL,  CANADA 

Mica  Co.  of  Canada,  Ltd.,  P.  O.  Box  189 


The  C.  0.  JELLIFF 
MANUFACTURING 
CORPORATION 

SOUTHPORTs  CONN. 


Fairchild 
Precision 
linear  Potentiometer 


In  this  integrating  computer  accurate  resetability  in  both  the  single-tolu-  ’ 
tion  computer  potentiometer  and  the  integrating  potentiometer  eliminates 
hunting  ond  carry-over  errors. 

Fairchild's  low-torque  Linear  Potentiometer — which  is  a  small  precision 
instrument — can  be  reset  to  any  selected  resistonce  or  angle  of  rotation 
with  an  accuracy  that  is  unsurpassed  inany  othgr  single-turn  potentiometer. 

This  precision  performance  is  maintained  over  a  million  cycles  of  opera¬ 
tion  with  long-life  precious  metal  alloy  contocts.  For  complete  data  ad¬ 
dress:  Dept.  'G',  88-06  Van  Wyck  Boulevard,  Jamaica  1,  New  York. 


CAMERA 

AND  INSTRUMENT  CORPORATION 


More  than  14  years 
of  know-how  and 


experience  in  every 


PYROFERRIC 
IRON  CORE 


Pyroferric  Iron  Cores  were  first 
made  in  1933  and  the  experience 
^1^  and  know-how  gained  in  each  suc- 
ceeding  year  are  inherent  in  every 
''WB  powdered  iron  product  today  pro- 
duced  by  the  P^oferric  Company, 
including:  a  full  line  of  standard 
sized  Powdered  Iron  Screw-Type 
Cores  of  varying  lengths,  with 
standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores, 
with  and  without  inserts. 

For  Powdvred  Iron  Coras  to  m««f  your  spacifiea- 
fions,  addrass  your  inquiry  fo 

Pyrofebrig  Go. 

421  last  214  Straet,  New  York  City  47 
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TIMING  MOTORS 

AND 

TIME  MACHINES 


‘•noil  too 


HANSEN  MANUFACTURING  CO.,  INC 


NEW  PRODUCTS  (coatinuwl) 

insert  sheets  thoroughly  describe  a 
variety  of  circuit  control  and  time 
delay  relays,  giving  applications, 
specifications,  contact  combinations 
and  prices. 

Crystal  Bulletin.  Premier  Crys¬ 
tal  Laboratories,  Inc.,  67-67  Park 
Row,  New  York  7,  N.  Y.  Extensive 
technical  data  covering  twelve 
widely  used  crystal  types  are  given 
in  a  profusely  illustrated  bulletin. 
No.  201.  Information  on  ultrasonic 
crystal  blanks  and  helpful  hints  on 
ordering  are  also  given. 


World-Wide  reci^nition  for 
this  outstanding  line  of 
electric  solderii^. irons- 


r  puts  M  SCIEW  TIPS 
40  te  7M  Wnttt 
U  1 V  Tin  Oil. 

Pottow  laodcrt  and 
yov'H  spaclfy  HEXACONt 
TWay'li  cfflcianHy  *olv* 
your  toldaring  problana 
tool  Write  for  Kterohire. 


-specified  by  the  big  names 
for  the  TOUGH  ^Ofis  i 

★  MINNEAPOUS  HONEYWELL 
RADIO  CORP.  OF  AMERICA  ( 

★  STROMBERG-CARLSON  ,  J 

★  WESTERN  EUCTRIC  Jy 

★  WESTINGHOUSE  JW 

★  EMERSON  ipE 

★  KAISER 

★  BENDIX 

★  SPERRY,  ^-//  - 


Sweeping  Oscillator.  Kay  Elec¬ 
tric  Co.,  S4  Marshall  St.,  Newark 
2,  N.  J.,  has  made  available  a  re¬ 
print  from  Electronics  on  the 
wideband  sweeping  oscillator,  as 
well  as  specification  sheets  on  the 
Megamatch,  an  instrument  for  dis¬ 
playing  transmission-line  mis¬ 
match  over  wide  frequency  range. 

Liquid  Control  Devices.  Magne- 
switch  Inc.,  4259  South  Western 
Blvd.,  Chicago  9,  Ill.  A  six-page 
folder  illustrates  about  a  dozen 
types  of  industrial  liquid  control 
devices.  All  operate  in  any  temper¬ 
ature  at  any  pressure. 

R-F  Heating.  Delapena  &  Son  Ltd., 
Cheltenham,  Gloucestershire,  Eng¬ 
land.  A  description  and  specifica¬ 
tions  of  apparatus  for  r-f  heating 
of  dielectrics  are  given  in  an  eight- 
page  pamphlet.  Also  pointed  out 
are  the  production  benefits  from  its 
use,  the  lower  costs  involved  and 
the  method  of  operation. 

Low  Current  Tube.  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y.  Pliotron 
5674  is  a  six-electrode  high-vacuum 
dual  anode  with  dual  control  grids 
that  can  be  used  to  meas.ure  current 
of  6  X  10*“  ampere,  ^ee  bulletin 
ET-H33  for  details. 


These  irons  feature  bet¬ 
ter  balance  for  reduced 
operator  fatigue.  Effi¬ 
ciency  is  stepi^  up,  and 
quality  of  work  is  im¬ 
proved.  The  ideal 
iron  for  inaccessible 
and  intricate  jobs. 


For  Sustained  Accuracy  and  Full 
Rated  Power  on  Quick  Starts 

Ask  any  time  machine  maker — any  electric 
clock  repair  man — what  motor  outlasts  all  others, 
and  he'll  say  "SYNCHRON".  In  these  tiny 
motors,  all  pinions  and  shafts  are  of  steel, 
operating  against  polished  brass  gears — for 
least  possible  wear.  All  bearings  ore  genuine 
Babbitt,  lubricated  by  a  sealed-in  supply  of  oil 
surrounding  all  moving  parts  (patented  process). 
SYNCHRON  timing  motors  and  time  machines 
are  designed,  patented,  and  built  for  dependable, 
trouble-free  service. 

A  new  catalog  containing  engineering  data 
on  SYNCHRON  Motors,  Timing  Machines,  and 
Clock  Movements  will  give  you  detailed  infor¬ 
mation.  Write  for  it. 


Regulated  A-C  Generator.  Electric 
Machinery  Mfg.  Co.,  821  Second 
Ave.  S.  E.,  Minneapolis  14,  Minn. 
Volume  8,  no.  3a  of  the  E-M  Syn¬ 
chronizer  describes,  among  other 
items,  a  new  packaged  a-c  gene¬ 
rator  with  a  built-in  automatic 
regulator  for  constant  voltage 
output. 

Flexible  Waveguides.  Technical 
Laboratories,  Inc.,  237  East  Au¬ 
rora  St.,  Waterbury,  Conn.  Bul- 


Estahlished  1907  •  a  Pioneer  in  Synchronous  Motors 
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new  products  (eontiniitd) 

letin  F-1  issued  by  the  organiza¬ 
tion  that  succeeds  the  Metal  Hose 
Branch  of  the  American  Brass  Ck>., 
in  the  manufacture  of  all  types  of 
flexible  waveguides,  lists  the  vari¬ 
ous  sorts  now  procurable. 


What  is  GCA?  Bendix  Radio  Div., 
Baltimore  4,  Md.,  has  the  answer 
presented  as  a  16-page  brochure. 
Write  direct  for  a  free  copy,  atten¬ 
tion  John  M.  Sitton. 


160  Valum -Packed  Pages  of  tho 
Latost  and  Best  in  RADIO  •  TELE¬ 
VISION  •  Eloctronic  EquipmontI 

The  Ooljr  Complete  Up-co-the-Minute  Catalog 
of  Radio  Para  —  Sets  —  AmpliSers  —Testers  — 
Ham  Gear  —  Kiu  •  Immediate  Shipment. 


Data  Sheets.  Dow  Coming  Corp., 
Midland,  Michigan.  Preliminary 
data  sheets  No.  B-80-1  list  on  two 
pages  all  of  the  materials  neces¬ 
sary  to  ensure  maximum  service 
life  in  motors  rewound  with  Sili¬ 
cone  insulation. 


BAHERY 

CHARGER 

RA-63-D 


Servicing  Meter.  Bradshaw  In¬ 
struments  Co.,  942  Kings  Highway, 
Brooklyn  23,  N.  Y.  The  Range  Mas¬ 
ter  model  10  servicing  meter  has  a 
number  of  uses  that  are  covered  in 
the  4-page  leaflet  that  outlines  its 
measurement  ranges. 


MBPS  for  rapid  cbi^r. 
Trickle  charge  switch  for  15 
TOM  at  ^4  amps  depending  on  condition  of 
Dftttery.  Heavy  duty  full  wave  selenium  recti* 
Her  will  charge  two  6  rolt  batterlea  In  series  or 
one  or  more  IS  rolt  batterlm  In  parallel.  Ideal 
for  garages,  filling  stations  or  wherever  IS  volt 
power  supplies  are  required,  derates  from 
no  V  60  cycle  AC.  Sbpg  wt.  60  lbs. 

BB9544  . S29.50 


Inverter 


Input  12  volts  DC.  output  115  volts  60  cycle  AC 
at  150  watts.  Ample  power  for  mobile  use  of 
AC  sound  systems  or  other  devices  requiring  M 
cycle  AC  input.  Vibrator  type,  very  eificlent. 
low  battery  drain.  Precision  built  to  exacting 
spedflcations.  Completely  filtered  for  use  with 
radio  equipment. 

5B9567  . $16.98 


R-F  Heating  Course.  Westing- 
house  Electric  Corp.,  Box  868, 
Pittsburgh  30,  Pa.  A  series  of 
slides,  records,  and  review  book¬ 
lets  comprising  eight  2-hour  lec¬ 
ture  units  is  announced.  Metal¬ 
working  applications,  bonding  of 
wood,  preheating  of  plastics,  dry¬ 
ing  and  curing  of  rubber  and  tex¬ 
tiles,  and  thawing  of  food  products 
by  dielectric  heating  are  covered. 
Cost  of  the  kit  for  20  class-mem¬ 
bers  i.**  $185. 


RCA  WV-75A 
Yoltohmyst 


DUMONT 

Switch  and 
SouareWave 

^  Model  185A.  Permlu 

ilmultaneous  obaerva- 
^  tlon  of  two  or  more 

signals  on  screen  of 
oscillograph.  Square  wave  signal!  over  a  range 
of  10  to  500  cps.  Switching  rate  lO-SOOO 
tlmes/sec.  Input  resistance  100,000  ohms.  Out¬ 
put  resistance  50,000  ohms.  For  110  V  40-60 
cycles.  Shpg  wu  17  lbs. 

C2178S  . $195.00 


Klectnmlc  voltmeter  with 
full  wave  diode  probe  for  !■■■ 
reading  peak  to  peak  RF 
voltages  to  frequencies  of  gft 
250  MC.  Push-puU  DC 
VTVM  circuit  is  excep- 
tlonally  stable  and  lln-  jr— B* 
ear.  I^ectronlcaUy  cost-  4$^ 
trolled  burnout  proof  DC 
meter.  With  tubes,  diode 
probe,  test  leads  and  in 
structlons.  For  105-115''^^^* 
V  50-60  cycles.  Shpg  wt.  18  lbs. 

C21778  . 


Light  Integration  Device.  Elec¬ 
tronic  Mechanical  Products  Co., 
13  N.  Virginia  Ave.,  Atlantic 
City,  N.  J.,  has  a  four-page  folder 
telling  what  the  Luxometer  does 
and  how  it  is  applied.  The  instru¬ 
ment  measures  the  quantity  of  il¬ 
lumination  being  received  by  any 
light-sensitive  material  regardless 
of  fluctuations  at  the  source.  It 
can  be  used  on  cameras,  remote 
control  units,  and  the  like. 


Amplified  sweep  iircult 
over  continuous  rsngr 
from  20  to  50,000  cycles. 
Impedance:  hori-, 
"  vertical  1 


1000  DC  liA  full 
seals  deflection. 
Black  lettering. 
White  scale.  3%* 
flange  drilled  for 
panel  mounting. 


Input  _ — 

xontal  5  meg. -  ,  . 

meg.  Deflection  sensitlvi-  - 

ty:  max.  vertical  and  borliontal  0.65  RMS 
volt/ln.  Input  signal  may  be  applied  to  vertleal 
plates  directly  or  through  amplifier.  Hortsootal 
amplifier  may  be  switched  to  either  sweep  cir¬ 
cuit  or  external  signal.  For  115  V  50-60  cycle. 
Shpg  wt.  35  lbs. 

C21774  . $U7.50 


6B4204 


Tube  Wall  Chart.  Westinghouse 
Electric  Corp.,  306  Fourtii  Ave., 
Pittsburgh  30,  Pa.  Basic  in¬ 
formation  on  operation,  types, 
and  applications  of  electron  tubes 
is  presented  in  a  new  25  by  36-inch 
wall  chart.  Price  is  $2.00. 


Concord  Radio  Corporation,  Dopl.  G-28 
901  W.  Jacktan  Blvd.,  Chicago  7,  III. 

Yes,  rush  FREE  COPY  of  the  comprehensive 
new  Concord  Radio  Catalog. 

Name . 

Address . 
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IOWA 
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E.  F.  JOHNSON  CO.  WASECA.  MINN 


cU  tow&l  CO^ti 


Even  though  JOHNSON  con¬ 
densers  offer  you  many  outstand¬ 
ing  advantages,  they  cost  less  than 
any  other  quality  condenser. 

Type  C  and  D  JOHNSON  con¬ 
densers  are  avaUable  in  52  dif¬ 
ferent  sizes  with  a  wide  variety  of 
capacities  and  spacing. 

FEATURES 

Type  C  and  D — Dual  and  Single 

1.  Sturdily  constructed — heavy  alumi¬ 
num  plates  .051  thick. 

2.  Rounded  plates  for  higher  voltage 
rating. 

3.  Steatite  insulation.  Large  laminated 
phosphor  bronze  rotor  brushes. 
Center  rotor  contacts  on  all  dual 
models. 

4.  Heavy  tic  rods  for  frame  strength 
and  rigidity.  Brackets  for  top  or 
bottom  mounting. 

5.  Spacers  that  permit  reassembly  for 
different  capacity  or  voltage  ratings. 

6.  Occupy  less  panel  space  because  of 
their  construction. 

7.  Both  front  and  rear  shaft  extensions 
permit  ganging. 


For  Complete  Details  Write  for 
Latest  JOHNSON  Catalog 


JOHNSON 


a  Kiimc  in 


Chennel 

No. 


Power  in  kw 

Visual  Aui 
Power  in  kw. 
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City  and 
Applicant 


BETTER 

CONDENSERS 


FLORIDA 

Miami 

Souths  Radio  A  Tele.  Eqpt.  Co.—  CP .  WTVJ 

Miami  Broadcasting  Co. —  A . 


Atlanta 

Liberty  Broadcasting  Corp. —  A . 

ILLINOIS 

Chicago 

American  Broadcasting  C3o.,  Inc. —  CP .  WENR-TV 

Balaban  A  Kata  Corp.* .  WBKB 

National  Broadcasting  Co.,  Inc. —  CP .  WNBY 

WON.  Inc.—  CP-O .  WONA 

Sun  A  Times  Co. —  A . ’. . 

Columbia  Broadoasting  System,  Inc. —  A . 

Johnson- Kennedy  Radio  Corp. —  A . 


INDIANA 

Bloomington 

Sarkoe  A  Mary  Taraian  —  CP .  WTTV 

Indianapolis 

Wm.  H.  Block  Co.—  CP .  WWHB 

WFBM,  Ine.— A . 


30 

1.8 

CP12.42 

21.8 

18.4 


Iowa  State  College  of  Agr.  A  Mech.  Arts  —  CP. . .  WOI-TV 

KENTUCKY 

Loniprille  '  _ 

Courier-Journal  A  Louisville  Times  Co. —  CP .  WHA8-TV 

WAVE.  Inc.— A . 

LOUISIANA 

New  Orleans  _ 

Maison  Blanche  Co. —  CP .  WRTV 


MARYLAND 

Baltimore  v 

A.  S.  Abell  Co.—  CP-O . X .  WMAR 

Hearst  Radio,  Inc.—  CP .  WBAL-TV 

Radio-Television  of  Baltimore,  Inc. —  (3P .  WAAM 

MASSACHUSETTS 

Boston  _ 

Westinghouse  Radio  Stations,  Ine! —  CP .  WBZ-TV 

Yankee  Network,  Inc. —  CP .  WNAC-TV 

Boston  Metro.  Tele.  Co. —  A-H . 

Empire  Coil  Co.,  Inc. —  A-H . 

Maasaohusetts  Broadoasting  Corn. —  A-H . 

New  England  Tele.  Co.,  Inc. —  A-H . 

New  England  Theatres,  Inc. —  A-H . 

Fall  River 

New  England  Tele.  Co.,  Ine. —  A . 

New  Bedford 

E.  Anthony  A  Sons,  Ino. —  A . 

Waltham  _ 

Raytheon  Mfg.  Co. —  CP . . .  WRTB 

MICHIGAN 

Detroit  _ 

Evening  News  Assn. —  CP-O .  WWJ-TV 

Fort  Industry  Co. —  CP .  WTVO 

King-Trendle  Broadcastiim  Corp. —  CP .  WDLT 


Kmg- 1  rencue  uronacastum  uorp. —  Ur' . . 
United  Detroit  Theatres  (3orp. —  A-H . . . . 
WJR,  The  GoodwUl  Station,  Ino. —  A-H . 


MINNESOTA 

Minneapolis  _ 

Minn.  Broadoasting  Corp. —  CP .  WTCN-TV 

Saint  Paul 

KSTP.  Ino.—  CP .  K8TP-TV 

MISSOURI 

St.  Lonia 

Pulitser  Publ.  Co.—  CP-O .  KSD-TV 

NEW  JERSEY 

Newark 

Bremer  Broadcasting  Corp. —  CP .  WATV 

Trenton 

Trent  Broadoasting  Corp. —  A . 


NEW  MEXICO 

Albuquerque 

Albuquerque  Broadcasting  Co. —  CP .  KOB-TV 

NEW  YORK 

Buffalo 

WBEN,  Inc.-  CP .  WBEN-TV 

New  York 

American  Broadcasting  Co.,  Ino. —  CP .  WJZ-TV 

Bamberger  Broadoasting  Servioe,  Ine. —  CP .  WOR-TV 

Columbia  Broadcasting  System,  Ino.* .  WCBS-TV 

Allen  B.  DuMont  Labs.,  Ino.* .  WABD 


National  Broadcasting  Co.,  Ino.* .  WNBT 

News  Syndicate  Co.,  Ino. —  CP .  WLTV 

Scheneetady 

General  Electric  Co.* .  WRGB 


OHIO 

Cincinnati 

Croeley  Broadcasting  Corp. —  CP .  WLWT 

Allen  B.  DuMont  Labs.,  Ino. —  A-H . 

Cleveland 

Empire  Coil  Co.,  Inc.— CP .  WXEL 


10.25 

30-26 

1.72 

1.81 

CP14.25 

7 

10.3 

40 

CP18.2i 
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D.  C. 
PANEL 

INSTRUMENTS 


Amperite  microphones 


studio  Volocltr 

MoMt  RSOH.  KML 

Uot  sso.oo 


"PROOF  TESTED" 

It  haa  cdwoyi  bean  the  policy  of  this 
organisation  to  withhold  any  new  prod¬ 
uct  until  it  has  been  thoroughly  "proof 
tested."  This  was  done  in  the  cose  of 
our  line  of  D.  C.  PANEL  INSTRUMENTS. 
Now  that  they  are  oroilable.  you  con 
be  sure  that  all  phases  of  their  design 
and  manufacture  hare  been  completely 
tested  in  the  field  as  well  as  in  the 
laboratory. 

FIELD  CHECKED 

Our  production  for  over  one  year  has 
been  confined  to  small  quantities  which 
could  be  carefully  field  checked  for 
performance  while  working  in  the 
equipment  of  which  they  were  a  com¬ 
ponent. 

EXCELLENCE 

It  is  with  a  ieeling  of  accomplishment 
thot  we  state  our  reject  rate  has  never 
exceeded  3% — this  only  on  o  very  spe¬ 
cial  application  whidi  involved  high 
sensitivity  accompanying  a  very  low 
resistance  requirement. 

USSR  APPROVAL 

The  accuracy  oi  our  statements  may  be 
checked  with  our  customers.  At  your 
request  we  will  forward  names  of  those 
in  your  territory  who  are  purchasing 
these  iiMtruments  and  profiting  by  their 
low  cost 

•  Send  for  our  bulletin  which 
gives  complete  description  and 
price  data. 


ELECTRIC  DESIGN 

and 

MtG.  CORP. 

BURLINGTON,  IOWA 


*.  O.  Dynamic 

BdPit  P«H.  PQL 

Ust  $82.00 


The  ultimate  in  microphone 
quality,  the  new  Amperite  Ve- 
/ocrtyhas  proven  in  actual  prac- 
tice  to  give  the  highest  type  of  r$| 
reproduction  in  Broadcasting, 
Recording,  and  Public  Address, 

The  major  disadvantage  of  pre-war 
velocities  has  been  eliminated— name- 
hr  "boominess”  on  close  talking. 
e  Shout  right  into  the  new  Amperite 
Voloeity  —  or  stand  2  feet  away  —  the 
quality  of  reproduction  is  always  ex¬ 
cellent. 

•  Harmonic  distortion  is  loss  than  1  % 
(Note:  best  studia  diaphragm  mike  is 
500%  higher). 

•  Practically  no  angle  discrimination 
.  .  .  120*  front  and  back.  (Best  studio 
diaphragm  microphones  —  discrimina¬ 
tion  800%  higher.) 

•  One  Amperite  Velocity  Microphone 
will  pick  up  an  entire  symphany  or¬ 
chestra. 

There  is  an  Amporito  Microphono  for  ^ 
every  requirement. 

WRITE  FOR  lUUSTRATED  4-PAGE 
FOLDER  giving  full  information 
and  prices. 

~^MPERITE  (ompany 


for  Public  ArfajGRi 

•Mots  mH«.  mmiM 

Ust  $42.00 


$61  BROADWAY 


NEW  YORK 


**Kontak**  MlkM 
Motfol  $NM,  list  $12.0 
MOdsI  NKH.  list  $i$.€ 


la  Caasdat 
Atlas  Sadio  Cora, 
seo  King  St.  W.,  Toronto 


Large  or  Small 


SQUARE/ 


mumd  or  RtOWSUWR 

PAPER  TUBES 


eolt  wisoy!® 


FOR 


Insido  Perimeters  from  .592  to  19 


With  specialized  experience  and  automatic 


equipment,  PARAMOUNT  produces  a 


wide  range  of  spiral  wound  paper  tubes 


to  meet  every  need  . . .  from  )/%  to  30'  long, 


from  .592  to  19'  inside  perimeter,  includ 


ing  many  odd  sizes  of  square  and  rectan 


gular  tubes.  Used  by  leading  manufacturers. 


Hi'Dielectric,  Hi-Strength.  Kraft,  Fish 


Paper,  Red  Rope,  or  any  combination. 


wound  on  automatic  machines.  Tolerances 


plus  or  minus  .002'.  Made  to  your  specifi 


cations  or  engineered  for  YOU 


Paramount 


PAPER  TUBE  CORP 


616  LAFAYETTE  ST.,  FORT  WAYNE  2,  IND. 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 


electronics  — Fefvirary,  194$ 


1 


COPPER  BUS  bar 

:"sri-EOSbrozin9_^ 


;,*embiy 
r.fLO  bra»''’9 


SWITCH 
fitote**  by 


HAlVnV  \  HARMAM 

83  FULTON  ST.,  N I W  YORK  7,  N.  Y. 

C*nB  •  Ck.ray*  111  •  U«  C*< 


A9«nti  m  Krincipol  Cities 
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(eontiniNil) 


Power  in  kw, 


C«U  Channel 

Letters  No. 


City  and 
Apiwcant 


Visual 


Natimial  Broadaasting  Co.,  Ino. —  CP 
^oripps-Howard  Radio,  Ino. —  CP-O. , 
Allen  B.  DuMont  Labs.,  Inc. —  A-H. . 
The  WOAR  Broadoaatinc  Co. —  A-H . 

United  Broad  easting  Co. —  A-H . 

Colastbas 

Crosley  Broadeasting  Corp. —  CP . . . . 
Di^ton 

Crosley  Broadeasting  Corp. —  CP . . . . 

Toledo 

Fort  Industry  Co. —  CP . 


WNBK 

WEW8 


WLWL 


WLWD 


•WTVT 


OREGON 


KGWG 


PENNSYLVANIA 


Harrisbnit 

Har(M  O.  Bishop  —  A-H . 

WHP.Ine.— A-H . 

Johnstown 

WJAC,  Ino.— CP . 

Laneastar 

WGAL,  Ino.— A . 

Phils  ilnIjMn 

Wm.  Penn  Broadeasting  Co. —  CP . 

The  Phila.  Inquirer  —  CP-O .  . . 

Phileo  Tdevision  Broadcasting  Corp.*. 

Daily  News  Tele.  Co. —  A-H . 

Penna.  Broadeasting  Co. —  A-H . 

Pittabnrgk 

AUun  B.  DuMcmt  Labs.,  Ino. —  CP. . . . 

AUegheiw  Broadeasting  Corp. —  A . 

Eknp^  Coil  Co..  Ine.-^  A . 

Westin^ouse  Radio  Stations.  Inc. —  A 

Wilkes-Barre 

Louis  Q.  Baltimore  —  A . 


WJAC-TV 


WPEN-TV 

WFIL-TV 

WPTZ 


2S 

18.1 

2.«9 

CP10.37 


WDTV 


RHODE  ISLAND 


PrOTidRAM 

The  OuUet  Co.—  CP 


WJAR-TV 


Mesiphis 

Bluff  City  Broadeasting  Co. —  A 
Memphis  Publ.  Co. — -CP . 


BETTER -FASTER 
METAL  JOINING 
IN  ELECTRICAL  WORK 

WITH  SIL’FOS 
and  SASY-flO 


KRLD-TV 

KBTV 


KRLD  Radio  Corp. —  C 
Laey-Potter  T^.  Broadt 
Intwstate  Cirouit,  Ino. — 

Fart  Worth 

Carter  Publioations,  Ine.- 

Honatsn 

W.  Albert  Lee— A . 


KCPN 


UTAH 


Salt  Lake  Qty 

Intennountain  Broadcasting  Corp. —  CP 


KDYL-TV 


VmOINIA 


Rkhsfiond 

Havens  A  Martin.  Ino. —  CP 


WTVR 


WASHINGTON 


Seattle 

Radio  Sales  Corp. —  CP. 


BtTTtk — because  these  two  low- 
temperature  silver  brazing  alloys, 
provide  every  property  essential  to 
both  electrical  and  structural  joints 
— high  conduetirity — high  strength 
^ductilHy  equal  to  the  parent 
metals— corrosion  resistance— low 
working  temperature,^  specially  de¬ 
sirable  when  joining  thin  sections. 

FASTER — Because  of  the  low  work¬ 
ing  temperatures  of  SIL-FOS  and 
EASY-FLO  and  their  exceptionally 
also  speed  production  and  bring 
free-flowing  property — factors  which 
metal  joining  costs  way  down. 

GET  PULL  DETAILS  IN 
BULLETINS  12-A  AND  15 


WISCONSIN 


Milwankaa 

The  .Journal  Co.  —  CP-O 


WTMJ-TV 


Armstrong  Medals  Awarded  by  Radio  Club 

John  V.  L.  Hogan,'  president  of 
radio  station  WQXR  and  one  of  the 
founders  of  the  Institute  of  Radio 
Engineers,  was  presented  on  Dec. 

5,  1947  with  the  Armstrong  Medal 
of  the  Radio  Club  of  America,  for 
his  outstanding  contributions  to  the 
arts  of  radio,  television,  and  fac¬ 
simile. 

A  similar  medal  was  given  post¬ 
humously  to  Charles  S.  Ballantine 
for  his  development  of  radio  direc¬ 
tion  finders  in  World  War  I,  nega¬ 
tive  feedback  and  automatic  volume 
control  circuits,  mathematical  theo¬ 
ries  of  antenna  radiation,  new  mi¬ 
crophone  calibration  techniques,  his 
invention  of  the  throat  microphone 


Write  for  them  today. 


John  V.  L.  Hogan  (right)  receivas  Arm- 
tlrong  Medal  from  Alan  Haxeltine,  presi¬ 
dent  of  the  Radio  Club  of  Americo 
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Vod  A  JOB 


WOToTUBr 


HIGH 


FREQUENCY 


lAecsuf^ 


SIMPLE 


IS 


^EtroN 


with  %^7e^9na^ 
DIRECT  Reading  Wattmeter 


Phototiilies  are  doing  all  sorts  of  important 
industrial  jobs,  in  all  types  of  industries  .  .  .  speeding  up  pro¬ 
duction  .  .  .  saving  time  and  lalror.  Due  to  our  pioneering  and 
intensive  research  in  this  field,  we  are  especially  well 
equipped,  not  only  to  supply  you  with  the  phototubes  you 
need,  hut  to  advise  you  on  how  to  use  them  efficiently. 


fiMorfaf  %\) 


Without  obligation,  send  for  our  special 
phototube  brochure  and  any  'information 
vou  need. 


TINENTAL  ELECTRIC  CO. 

Geneva,  Illinois 


•  Here  is  a  RUGGED  DIRECT- 
READING  instrument  for  power 
measurement  of  transmitters 
in  the  30  to  500  me,  1  to  2000 
watt  group.  Accuracy  of  a  high 
order,  combined  with  ease  of 
operation  plus  new  design  fea¬ 
tures  make  the  TERMALINE 
on  outstanding  development. 

GENERAL  SPECIFICATIONS 
FREQUENCY— 30  me  to  500  me, 
reading  direetly  in  RF  watts. 

POWER  RANGE— 1  watt  to  2000 
watts,  choiee  of  dual  or  triple  ranges 
aeeording  to  model. 

IMPEDANCE— 51.5  ohms.  VSWR 
less  than  1.1. 

FOR  USE  ON — CW-AM-FM  sourees. 
ACCURACY — Within  5%  of  full  seole 
absolute.  Repeatability  1%  for 
readings  on  any  one  instrument. 

3  MODELS 

Model  61 — Small,  portable,  1  to  80 
watts. 

Model  67 — Beneh  type,  1  to  500 
watts. 

Model  67C — Woter-eooled  1  to  2000 
watts. 

Wrlt0  for  Your  Data  Sheets  Today 
BIRD  ELECTRONIC  CORP.  Dept.  E 
1800  E.  38th  St.  Cleveland  14,  Ohio 

Reprwanted  on  wMt  eoait  by: 
NEELY  ENTERPRISES 
7422  MolrotP  Blvd. 
Hollywood  46,  Cal. 


BIRD  ELECTRONIC 

(^»<xUeit  'JtUH'imii'itOK 


^Y\G1NEER$  yffffQ  KffQYf  SPEC'*'* 


DANO  COILS 

For  Buperior  pertonnance.  tor  skilled  work¬ 
manship.  lor  tested  dependability  in 
magnetic  coil  windings. 


•  Form  Wound 

•  Paper  Section 

•  Acetate  Bobbin 


•  Acetate  Section 

•  Bofcelite  Bobbin 

•  Cotton  Interweave 


Every  job  made  to  your  individual  specif icatiorts 


P4 


/  ref'etrea 

as  a  source  of  pre- 
clsion  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


CUP  WASHERS  manutactured  t 

for  Binding  Screws  vour  spodficatior 

WHITEHEAD  STAMPING  CO 


1691  W.  Lafayetfe  Blvd. 


Defroff  16,  Michigan 
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THE  BARRY  CORPORATION 


New  . . .  Improved 


(cMtiaaed) 


NEWS  OF  THE  INDUSTRY 


as  standardized  by  the  U.  S.  Army 
Air  Corps,  and  a  host  of  other  con¬ 
tributions  to  the  arts  of  radio  com¬ 
munication  and  radio  broadcasting. 


Type  M-114 
Stauoard  Air> 
craft  Mounting 
Rack  for  Elec¬ 
tronic  Equip¬ 
ment.  Per  aped- 
fication  JAN>G 
172 


URSI'IRE  Meeting 

The  annual  joint  meeting  of  the 
American  Section,  International 
Scientific  Radio  Union,  and  the  IRE 
will  be  held  in  Washington  May  3, 
4,  and  6,  1948.  The  program  will, 
as  usual,  be  devoted  to  the  more 
fundamental  and  scientific  aspects 
of  radio  and  electronics.  The  pro¬ 
gram  of  titles  and  abstracts  will  be 
available  in  booklet  form  for  dis¬ 
tribution  before  the  meeting.  Any¬ 
one  wishing  to  submit  papers  for 
presentation  at  this  meeting  should 
send  in  title  and  a  100-word 
abstract  as  soon  as  possible  to  Dr. 
Newbern  Smith,  Secretary,  Ameri¬ 
can  Section,  URSI,  the  National 
Bureau  of  Standards,  Washington 
25,  D.  C. 


Control  of 
VIBRATION  and 


.  .  .  with  special  emphasis 
on  the  field  of  electronics 


We  offer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  isolators  for  commercial,  in¬ 
dustrial  and  military  applications . . .  also-  an  Engi¬ 
neering  consulting  service  on  special  problem* 

A  letter  from  you  will  give 
us  the  opportunity  to  dem¬ 
onstrate  we  can  help  HHHHHHHHpHHHpjHBjHI 

Catalogue  on  Request 


Table  of  Air-Line  Distances 

An  extensive  table  of  air-line  dis¬ 
tances  between  cities  in  the  United 
States  has  been  published  by  the 
Coast  and  Geodetic  Survey,  Depart¬ 
ment  of  Commerce  to  meet  require¬ 
ments  of  air  navigation  and  radio 
engineering  problems.  The  table 
was  developed  in  response  to  an  in¬ 
creasing  demand  for  distances  that 
are  accurately  computed  by  methods 
treating  the  earth  as  an  ellipsoid 
rather  than  a  sphere.  Distances  are 
listed  from  each  of  492  cities  to  all 
of  the  others  and  are  accurate  to 
the  nearest  mile. 

This  U.  S.  Coast  and  Geodetic 
Survey  Special  Publication  No.  238, 
entitled  “Air-line  Distances  Be¬ 
tween  Cities  in  the  United  States”, 
js  for  sale  by  the  Superintendent  of 
Documents,  U.  S.  Government 
Printing  Office,  Washington  25, 
D.  C.,  at  $1.75  per  copy  (buckram 
bound). 


"New  Timet  New  Modes”,  toys  old  proverb.  These  new 
oHenuators  were  bom  to  meet  new  war-created  demands. 
They  represent  a  new  medium  frame  size:  Type  800  (2%* 
dia.)  and  a  larger  size:  Type  900  13*  dia.I.  The  Type  800 
it  supplied  at  potentiometer,  rheostat,  ladder  and  T-pad  up 
to  20  steps.  The  larger  size  Type  900  it  similarly  furnished 
with  up  to  45  steps.  Write  for  new  bulletin. 


Fellowship  in  Electronics 

Among  fellowships  being  offered 
for  the  1948-1949  academic  year 
by  the  National  Research  Council 
are  a  number  supported  by  Radio 
Corporation  of  America,  intended 
to  give  special  training  and  experi- 
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Insulation  Advantages 


(continiwd) 


USE  G-E  MYCALEX  INSULATION 


ence  to  youns:  men  and  women  who 
have  demonstrated  marked  ability 
in  the  general  field  of  electronics. 
Preliminary  experience  may  have 
been  either  in  the  fields  of  electrical 
engineering  or  physics.  Although 
the  applicants  need  not  have  com¬ 
pleted  more  than  one  year  of  gradu¬ 
ate  work,  they  should  have  demon¬ 
strated  marked  ability  for  graduate 
work.  These  fellowships  are  open 
only  to  United  States  citizens.  The 
fields  of  study  to  be  undertaken  are 
in  the  sciences  underlying  the  gen¬ 
eral  science  of  electronics.  Sti¬ 
pends  range  from  $1,600  to  $2,100 
per  annum.  Appointments  are  for 
one  year,  but  renewable  for  a  second 
year  and  in  exceptional  cases  for  a 
third  year. 

Further  particulars  concerning 
these  programs  may  be  obtained 
upon  request  from  the  National  Re¬ 
search  Council  Fellowship  Office, 
National  Research  Council,  2101 
Constitution  Avenue,  N.W.,  Wash¬ 
ington  25,  D.  C. 


•  FIRM 
BOND  TO 
METAL  INSERTS 


•  HIGH  . 

MECHANICAL 

STRENGTH 


•  HIGH 

ARC  RESISTANCE 


#  Specify  G-E  my<-alex  for  high  fre<iuency  in¬ 
sulation!  This  grey,  stone-hard  compound  of 
mica  and  special  glass  is  moldable  to  your 
design,  with  inserts.  Also  machinable  in  standard 
sheets  and  rods.  Write  for  details.  Section  AE-2, 
Plastics  Division,  Chemical  Department,  General 
Electric  Co.,  1  Plastics  Ave.,  Pittsfield,  Mass. 


•  HIGH 

DIELECTRIC 

STRENGTH 


•  HIGH  HEAT 
RESISTANCE 


GENERAL 


ELECTRIC 


Search  Radar  for  N.  Y,  Area 

Microwave  Early  Warning  (CPS- 
1)  surveillance  radar  has  been  in¬ 
stalled  at  Queens  College,  four  miles 
southeast  of  LaGuardia  airport,  as 
an  air  traffic  control  aid.  The  equip¬ 
ment  was  furnished  by  the  U.  S. 
Air  Force,  was  installed  by  the  Air 
Transport  Association  and  Air¬ 
borne  Instruments  Laboratory,  and 
is  operated  by  the  CAA.  It  gives 
sky  coverage  up  to  40,000  feet  with¬ 
in  an  elevation  angle  of  30  deg  from 
the  horizontal,  and  has  a  reliable 
range  of  100  miles  in  all  directions. 

The  radar  pictures  are  combined 
with  appropriate  maps  of  the  area 
by  means  of  recently  developed 
video  mapping  techniques.  The 
combined  picture  is  seen  on  a  num¬ 
ber  of  12-inch  ppi  scopes,  some  of 
which  can  be  adjusted  as  expanded 
sector  displays.  The  composite 
picture  is  relayed  to  the  Airways 
Traffic  Control  Center  of  the  CAA 
at  LaGuardia  airport  over  a  micro- 
wave  radio  circuit  developed  by 
AIL. 


HIGH  FIDELITY 

SPECIFY  KENYON  TELESCOPIC  SHIELDED  HUMBUCKING  TRANSFORMERS 


For  low  hum  and  high  fidelity  Kenyon  tele¬ 
scoping  shield  transformers  practically 
eliminate  hum  pick-up  wherever  high 
quality  sound  applications  are  required. 

CHECK  THESE  ADVANTAGES 

LOW  HUM  RICK-UR  .  .  .  Assures  high  gain  with 
minimum  hum  in  high  fidelity  systems. 

HIGH  FIDELITY  . . .  Frequency  response  fiat  with¬ 
in  ±  1  db  from  30  to  20,000  cycles. 

DIFFERENT  HUM  RATIOS  .  .  .  Degrees  of  hum  re¬ 
duction  with  P-200  series  ranges  from  50  db 
to  90  db  below  input  level  .  .  .  made  possible 
by  unique  humbuckling  coil  construction  plus 
multiple  high  efficiency  electromagnetic  shields. 
y  QUALITY  DESIGN  .  .  .  Electrostatic  shielding 
between  windings. 

WIDE  INRUT  IMREDENCE  MATCHING  RANGE. 
EXCELLENT  OVERALL  RERFORMANCE  .  .  .  Rugged 
construction,  lightweight- mounts  on  either  end. 
SAVES  TIME  ...  In  design  ...  in  trouble  shoot¬ 
ing  ...  in  production. 

Our  standard  line  will  save  you  time  and  money. 
Send  for  our  catalog  for  complete  technical  data  on 
specific  types. 

For  any  iron  cored  component  problems  that  are 
off  the  beaten  track,  consult  with  our  engineering 
department.  No  obligation,  of  course. 


New  Heating  Frequencies 

As  A  RESULT  of  the  recent  Atlantic 
City  Radio  Administrative  Confer- 
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llVaw""3Meter 


Newly  developed  direct-reoding  instru¬ 
ment  simplifies  meosurements  of  varia¬ 
tions  in  speed  of  phonograph  turntables, 
wire  recorders,  motion  picture  projectors 
and  similar  recording  'or  reproducing 
mechanisms. 

The  Furst  Model  115-S  "Wow-Meter"  is 
suitable  for  both  laboratory  and  produc¬ 


tion  applications  ond  eliminotes  complex 
test  set-ups. 

The  Model  115-R  incorporates  an  addi¬ 
tional  Amplifier  stage  so' that  a  direct- 
inking  recorder  may  be  connected  for 
qualitative  analysis  of  speed  variations. 
Send  for  Bulletin  115. 


Oesignert  and  Manutaeturars  of  SpacMlMOd  Elacironic  EqUpmant 


806  W.  North  Ave.,  Chicago  22,  Illinois 


Report  No.  2  from  typical  PARA-FLVX  REPRODUCER  users 


18,720  SHELUC  RECORDS  PUYED  CONTINU¬ 
OUSLY  WITH  ONE  PARA-FLUX  REPRODUCER... 
WITHOUT  EVEN  THE  POLISH  RUBBED  FROM  THE 
DIAMOND  POINT 


Spot  fliaies^  me*  n.  y.  c.  reports: 

“As  you  know,  we  put  your  Para-flux  tone  arm  and  pick-up  through  quite 
a  severe  test  in  our  Store  Broadcasting  Operation.  We  are  reproducing  shellac 
phonograph  records  as  well  as  vinylite  transcriptions  continuously  for  about 
twelve  hours  per  day,  six  days  per  week.  We  use  all  of  our  phonograph  records 
on  one  turntable  and  all  of  our  vinylite  transcriptions  on  another  turntable. 
For  four  months  we  used  your  Para-flux  pick-ups  continuously  and  at  the  end 
of  that  time  we  had  them  examined  under  a  microscope  and  neither  pick-up 
showed  any  wear  or  distortion.  We  are  using  your  turntable  equipment,  your 
equalizing  network  and  Para-flux  tone  arms  and  pick-ups  and  the  quality  of 
our  reproduction  not  only  surprises  but  rather  amazes  everyone  who  hears  it. 
Your  equipment  has  completely  solved  our  problems  and  has  given  us  the 
most  faithful  service  and  quality  of  reproduction  we  have  been  able  to  find. 

“I  thought  I  would  just  drop  you  this  note  to  let  you  know  how  excellently 
your  equipment  is  serving  us.” 

Loren  L.  Watson 

President 


NEWS  OF  THE  INDUSTRY  (continued; 

ence,  the  FCC  has  changed  its  rules 
relating  to  industrial,  scientific,  and 
medical  service.  Presently  assigned 
frequepcies  may  be  used  until  June 
30,  1952,  at  which  time  all  such 
equipment  must  be  operating  on  the 
newly  adopted  international  fre¬ 
quencies,  as  follows: 

Tolerance 

Newly  from 

Anslgned  Center  Center 

Band  Freque  ncy  Frequency 

13.553.22-13, S66.78  kc  13,560  kc  ±  6.78  kc 

26,967.28-a7,?82.72  kc  27,120  kc  ±162.72  kc 
40,659.66-40,700.34  kc  40,680  kc  ±  20.34  kc 

These  allocations  involve  only 
slight  changes,  the  old  center  fre¬ 
quencies  being  13,660  kc,  27,320  kc, 
and  40,980  kc  respectively. 

The  status  of  frequencies  made 
available  by  the  Commission’s 
Order  of  Dec.  26,  1946  but  not  yet 
incorporated  into  rules  remains  un¬ 
changed.  The  Atlantic  City  Radio 
Regulations  provide  915  me,  2,450 
me,  and  5,850  me  in  all  countries  of 
the  Americas  for  this  service. 

In  general,  little  or  no  modifica¬ 
tion  is  needed  in  equipment  on 
which  the  FCC  has  already  issued 
certificates  of  type  approval,  other 
than  installation  of  new  crystals  or 
adjustment  of  self  excited  oscilla¬ 
tors.  Users  are  urged  to  make  the 
slight  change  in  frequency  at  the 
earliest  possible  date. 

It  is  expected  that  a  frequency  in 
the  6-mc  band  will  be  made  avail¬ 
able  in  the  future  for  diathermy 
and  industrial  heating  equipment. 

Research  Positions  Open 

Applications  for  Electronic  Engi¬ 
neer  and  Physicist  positions  are 
being  accepted  by  U.  S.  Civil  Serv¬ 
ice  Examiners  at  each  of  the  follow¬ 
ing  research  laboratories :  U.  S. 
Navy  Underwater  Sound  Labora¬ 
tory,  Fort  Trumbull,  New  London, 
Conn.;  Naval  Research  Laboratory 
Field  Station,  470  Atlantic  Avenue, 
Boston  10,  Mass.;  Cambridge  Field 
Station,  Watson  Laboratories,  Air 
Materiel  Command,  230  Albany 
Street,  Cambridge,  Mass.  The  sal¬ 
aries  for  these  positions  range  from 
$3,397  to  $8,179  a  year. 

For  the  Electronic  Engineer  and 
Physicist  positions,  applicants  must 
have  completed  (a)  a  full  4-year 
college  course  with  major  work  in 
physics,  mathematics,  or  engineer¬ 
ing  science,  or  (b)  at  least  4  years 
of  progressive  technical  experience 
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NEW!  NEW!  NEW! 


CLARKCRYSTALS 


An  airtomatic  control 
requiring  no  human 
supervision  .  .  . 


A  RADICALLY  DIFFERENT 
NON-HUNTING,  DEAD  BEAT 
SERVO  MECHANISM 


What  Motron  Does: 


A  versatile  new  inttnunent  with 
almost  unlimited  cost  cutting  ap- 
plications  in  modern  industry. 

Motron  provides  a  fast  aaing  . 
torque  of  30  to  75  inch  pounds 
which  can  automatically  control 
countless  industrial  processes.  It 
takes  its  input  from  any  indicating  device 
capable  of  producing  a  torque  of  .0000.^  -  .006 
oa.  in.  (for  example  an  electrical  meter  move¬ 
ment,  pressure  gauge,  metal  bellows,  air  vane, 
flow  gauge,  nylon  or  silk  filament,  magnetic 
compass  needles,  thermostat,  cam,  etc.) 


'The  New  Complete  Line 


AIRCRAFT  •  AMATEUR 
BROADCAST  •  INDUSTRIAL 
MARINE  •  MOBILE 
ULTRASONIC 
SPECIAL  APPLICATIONS 


Just  o  few  of  many  applications  .  . 

Precise,  quick  acting,  automatic  control  of. 

Tension  in  wire,  paper,  thread 

Web  press  registration 

Air  velocity 

Oil  blending 

Changing  power  factor 

Wire  winding  machinery 

Flame  cutting 

Duplicating  lathes 


Let  us  analyze 
your  control  problems 


Designed  for  Stability 
Dependability,  and  Economy 


An  analysts  of  your  sperlflc 
moblem  and  complete  enstneerlng 
details  srin  be  sent  promptly. 
You  are  not  oblisated  In  an^ 
way.  Ju-st  write  to: 


CLARK  CRYSTAL  CO 

MARLBORO,  MASS. 


Department  E-248 
802  Fair  Oaks  Ave. 
South  Pasadena,  Calif. 


or  maximum 

efficiency  in 

FREQUENCY 

CONTROL 


lUUSTtATlONS 
ACTUAL  SIZE 


SINGLE  PLUG 


PATENTED 


. . .  a  precision-built,  highly  accurate 
instrument  for  pulling  tape  or  film  at 
constant,  pre-set  speeds  ranging  from 
6  to  148  feet  per  minute.  Guaranteed 
accurate  to  within  ±  1%. 

There  are  hundreds  of  uses  for  the 
Model  YY2  Puller  in  communications, 
sound  laboratories  and  for  a  wide 
variety  of  experimental  purposes. 
Write  today  for  complete  information. 


VALPEY — VDO.  Internal  tempcroture  can 
be  set  to  customers'  specificotions  between 
+  30*  C  and  +  70*  C  and  will  hold 
-f-  or  — 1*  C  with  ambient  temperature 
range  from  —40*  C  to  internal  setting. 

Size  1  3/8"  X  I  1/8"  x  1  3/16"  fits 
standard  5  prong  socket. 

Send  specifications  for  prompt  quotation. 


LOCK-IN 

CRYSTALS 


METAL  CASED 
HERMETICALLY  SEALED 


LICENSES  NOW  AVAILABLE 


CRYSTROL 


Holliston,  Massachusetts 
Craftsmanship  in  Crystals  Sinco  1931 


CRYSTAL  FREQUENCY  CONTROLS 

CLIFFSIDE  PARR  8,  N.  J. 


ELECTRONICS  —  February,  1948 


OR  FASTER  SOLDERING 
Z  NEW  WELLER 
SOLDERING  GUNS 


LONGER  REACH-G«ls 

rtirMfli  wirHif 


SOIOCRLITE-S^lliflits 
tilt  wtrk 


DUAL  HEAT-3S%  rtscfvt 
liMt  Itf  cWssis  $tlAtriii9 


The  new  Weller  Soldering  Guns  with 
Solderlite  plus  the  last  5  second  heating 
help  make  service  work  more  profitable 
for  radio,  television  and  appliance  serv¬ 
ice  men,  electrical  maintenance  men, 
electric  motor  rewinding  and  repair 
shops  automotive  electrical  service. 

A  useful  and  time-saving  tool  for  labora¬ 
tory  workers,  experimenters,  hobbyists, 
telephone  installation  and  maintenance 
men.  SI  07  100  watts  single  heat,  D207 
100/135  watts  dual  heat. 

See  your  radio  parts  distributor  or 
write  for  bulletin  direct. 


WELLER 

MANUFACTURING  CO. 
806  Packer  St.,  Easton,  Pa. 
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in  engineering  or  physics,  or  (c) 
any  time  equivalent  combination  of 
education  and  experience.  In  addi¬ 
tion,  applicants  must  have  had  from 
1  to  4  years  of  progressive  profes¬ 
sional  experience  in  the  appropriate 
field.  Graduate  study  may  be  sub¬ 
stituted  for  experience  up  to  a 
maximum  of  2  years  of  experience. 
No  written  test  is  required. 

Full  information  and  Announce¬ 
ment  1-34  (47)  application  forms 
may  be  secured  from  the  U.  S.  Civil 
Service  Commission,  Washington 
25,  D.  C. 


Transcontinental 
Racon  System 

A  CHAIN  OF  50  racon  (radar  beacon) 
stations  providing  transcontinental 
radar  navigation  facilities  for  both 
military  and  nonmilitary  aircraft 
will  soon  be  in  operation.  Manned 
jointly  by  the  Navy,  Air  Force,  and 
Coast  Guard,  the  racon  highway 
will  extend  down  the  East  Coast, 
across  the  transcontinental  south¬ 
ern  ferry  route,  and  up  the  West 
Coast.  Already,  all  but  one  of  the 
22  stations  assigned  to  the  Navy 
are  running  on  a  24-hour  basis,  and 
three  Coast  Guard  and  two  Air 
stations  are  operating. 

In  using  the  racon  system,  pulses 
transmitted  from  a  radar-equipped 
plane  interrogate  a  ground  station. 
The  racon  replies  with  coded  identi¬ 
fication  pulses.  The  range  and  bear¬ 
ing  of  these  pulses,  indicated  on  the 
i  aircraft  radar  scope,  show  the  loca- 
I  tion  of  the  plane  relative  to  the 
!  ground  station.  By  checking  his 


chip  ofi  the  old  block.  The 
Greenohm  Jr.  is  a  handy,  inexpen 
sive,  midget,  ceramic-cased  wire 
wound  resistor  for  tight  spots  and 
Takes  place 


point-to-point  wiring, 
of  cumbersome  and  costlier  bracket 
mounted  resistors. 


Wire  winding  on  fibre-glass  core. 
Axial  bare  pigtail  leads  clinched  to 
ends.  Encased  in  green  steatite 
tube  filled  cmd  sealed  with  exclu¬ 
sive  Greenohm  inorganic  cement 
Won't  blister,  crack  or  change 


Type  C7GI  measures  l®^"  long  by 
5  16"  dia.  2"  leads.  7  watts.  Prac¬ 
tically  zero  to  5000  ohms  max. 
Smaller  Type  C4GI.  1"  long  by 
5  16"  dia.  4  watts.  Up  to  1000  ohms. 


Infrared  Communication 

A  NEWS  STORY  was  dictated  by  a  re¬ 
porter  to  his  office  three-quarters  of 
a  mile  away  in  Chicago  recently  by 
means  of  infrared  beamcasting 
equipment  of  a  type  developed  by 
Westinghouse  lamp  engineers  dur¬ 
ing  the  war  for  secret  two-way 
ship-to-ship  or  ship-to-shore  conver¬ 
sations.  Amplified  microphone  out¬ 
put  current  modulates  the  infrared 
light  output  of  a  special  caesium- 
vapor  lamp  mounted  in  a  refiector. 
A  phototube  in  a  similar  refiector 


Bull.tin  No. 
with  comp 

specs,  on 

quest.  A' 
sample.  Let 
quote. 
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Leading  Radio  and  Instrument 
Manufacturers  Prefer 
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FOR  THE  FIRST  TIME  ^ 

HIGH  SENSITIVITY  IN  A 
SELF-CONTAINED  ALL  AC  OPERATED  UNIT 

50  MICROVOLTS  TO  500  VOLTS 


MODEL  47  VOLTMETER 
An  extremely  sensitive  am¬ 
plifier  type  instrument  that 
serves  simultaneously  as  a 
voltmeter  and  high  gain 
amplifier. 

•  Accuracy  ±2%  from  15 
cycles  to  30  kc. 

*5%  from  30  kc.  to 
100  kc. 

•  Input  Impedance  1  meg¬ 
ohm  plus  15  uuf.  shunt 
capocity. 

•  Amplifier  Gain  40000 


nffored  transmitting  tube  in  reflector,  used 
a  Chicago  for  transmitting  a  message 
hree-quarters  of  a  mile  without  resort  to 
wires  or  radio 


Also  MODEL  45 
WIDE  BAND 
VOLTMETER 
.0005  to  500  Volts 
5  Cycles  To  1600  kc. 


it  the  receiving  point  picks  up  the 
modulated  invisible  beam  and  feeds 
it  to  an  amplifier  and  loudspeaker. 
The  message  can  be  picked  up  only 
from  locations  within  the  beam 
i^pread,  which  is  five  miles  across  at 
its  widest  point  10  miles  away. 


A  jetv  of  many  uses. 


e  Gain  and  frequency  measurements  for  oil 
types  of  audio  equipment 

•  Densitometric  measurements  in  photog¬ 
raphy  and  film  production. 

•  Light  flux  measurements  in  conjunction 
with  photocells 


•  Output  indicator  for  microphones  of  all 
types 

•  Low  level  phonograph  pickups 

•  Acceleration  and  other  vibration  measur¬ 
ing  pickups. 

•  Sound  level  measurements. 


lexpeu- 
i  wire- 
>t8  and 
3  place 
>racket 


Write  for  Complete  Information 


42-17A  Douglaston  Parkway 
DOUGLASTON,  L.  I.,  N.  Y. 


felephone  Recording  is  Legal 

HE  FCC  on  January  15,  1948 
iauthorized  use  of  recording  devices 
fin  connection  with  interstate  and 
Jforeign  message  toll  telephone  serv- 
fioe,  subject  to  an  automatic  tone 

teaming  which  will  notify  all  par¬ 
ies  so  engaged  that  their  telephone 
conversation  is  being  recorded. 

The  warning  signal  must  be  re- 
pHated  at  regular  intervals  during 
^he  conversation. 

The  recording  device  must  be  of 
the  type  which  can  be  physically 
connected  to  and  disconnected  from 
*he  telephone  line,  or  switched  on 
^ind  off,  thereby  enabling  subscrib- 
t  I  S  to  limit  the  use  of  the  device  to 
’he  recording  of  interstate  and 
foreign  telephone  calls  where  such 
-se  is  prohibited  in  connection  with 
^intrastate  telephone  service. 
“Further,  the  connecting  equipment 
shall  be  provided,  installed,  and 
^maintained  by  a  company  or  other 
^rrgaiiization  responsible  for  furn- 
I  hing  telephone  service. 


steatite 
1  exclu- 
cement 
change 


long  by 
5.  Prac- 
iS  max. 
ong  by 
10  ohms. 


Dials  in  plastic  far  the  radio,  electronic,  ond  electrical  fields  offer 
you  virtually  limitless  combinations  of  design,  siie,  skope  and 
color  treatment.  Our  dials,  windows  and  scales  are  precision  mode, 
dimensionally  stable,  clearly  and  ottroctively  printed  .  .  .  sturdily 
made  for  long  life  and  service 

Tell  us  your  needs,  get  our  suggestions  on  design.  Or,  send 
us  your  own  samples  or  blueprints.  We  will  quote  you  promptly. 

DIAL  WINDOWS  GAUGES  CALCULATORS 

NAME  PLATES  CHARTS  SCALES  f 


No.  Ill 
compisli 


HOPP 


Ratlir  Ignition  of  Flash  Bulbs 
Crealcg  Fire  Htizards 

Ignition  of  wire-  or  foil-filled  flash 
hulb.<  by  radar  beams  can  constitute 
a  definite  lire  hazard,  according  to 
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THESE  EXTRA  SMALL 
COIL  FORMS  FIT  INTO 
TIGHT  PLACES 


Graphs  show  frequency  ranges 
covered  by  the  five  standard 
sizes  of  LSM  and  LS3  Coils.  Write 
for  fuN-size  copies. 


Double  End  Terminol 

woger  Board 

fJt  ///ffftf/fftf/ 

T/r  'fjtfft  tftit  /f'f'r/ 


tests  recently  completed  by  engi¬ 
neers  of  the  Photographic  Labora¬ 
tory  and  Electronic  Subdivision  of 
Air  Materiel  Command  Headquar¬ 
ters  at  Wright  Field. 

More  than  8,000  bulbs  were  ex¬ 
posed  at  distances  of  80,  60,  40,  and 
20  yards  to  radio  waves  of  various 
frequencies.  No  bulbs  were  fired 
at  short-wave  radio  frequencies, 
but  all  bulbs  eventually  succumbed 
to  high-frequency  radar  beams. 

In  making  the  tests,  the  bulbs 
were  exposed  to  a  radar  beam, 
shaken  and  rotated  slightly,  and 
repeatedly  exposed.  An  average  of 
4.75  percent  were  ignited  by  each 
single  exposure  to  a  standard  radar 
transmitter.  Forty  percent  of  the 
bulbs  were  fired  within  the  first  5 
seconds  of  exposure  at  any  given 
distance  or  angle.  Only  12  percent 
were  able  to  withstand  exposure  of 
more  than  one  minute  before  being 
set  off.  The  continued  shaking  and 
realignment  eventually  caused  all  of 
the  bulbs  to  be  ignited. 

The  research  also  revealed  that 
some  bulbs  burst  spontaneously 
when  fired,  and  that  even  broken 
bulbs  could  be  ignited  by  the  radar 
beams.  The  latter  were  found  to 
burn  with  a  slow,  hot  flame  which 
made  the  spreading  of  fire  highly 
possible. 

This  high  susceptibility  to  radar 
beams  indicates  that  serious  fire 
danger  exists  when  such  bulbs  are 
exposed  to  airborne  radar  units  or 
powerful  ground  transmitters  lo¬ 
cated  close  to  glide  paths,  runways, 
and  taxi  strips. 

As  a  result  of  the  tests  special 
precautions  are  being  taken  to  pro¬ 
vide  adequate  protection  against 
fire  when  flashlight  bulbs  are  ship¬ 
ped  or  used  in  aircraft  carrying 
radar.  Directives  have  been  issued 
to  military  installations  ordering 
that  no  such  bulbs  be  stored  within 
100  yards  of  radar  transmitters  and 
that  individual  bulbs  or  cartons  of 
them  be  shielded  with  metal  when 
it  is  necessary  to  place  them  within 
the  100-yard  range  for  any  period. 

The  only  bulbs  found  to  be  natur¬ 
ally  immune  to  radar  were  those 
having  no  foil  or  wire  filling.  At 
present  such  safe  bulbs  are  only 
available  in  small  sizes  and  are  not 
in  general  use. 

Plans  for  immunizing  all  bulbs 
against  radar  ignition  are  now 


"Coprox"  rectifiers  may 
be  your  answer  to  more 
efficient  current  control. 
Their  varistor  character¬ 
istics  make  them  ideal 
for  automatic  current 
valving  current,  limiting 
current  blocking,  as  well 
as  current  measurement. 

Bradley  rectifiers  are 
designed  to  give  you 
trouble-free  service.  Their 
electrical  characteristics 
remain  stable  indefinitely. 
When  operated  within 
normal  rating,  their  life 
is  unlimited. 

Send  for  curves  show¬ 
ing  current,  voltage,  re¬ 
sistance  and  temperature 
characteristics  of  Bradley 
copper  oxide  rectifiers. 


If  small  space  is  your  problem  — 
as  in  peaking  coils  in  strip  amplifiers, 
chokes,  R.  F.  coils,  oscillator  coils, 
single-turned  I.  F.  coils,  etc. —  you’ll 
find  space-saving  one  of  many  advan¬ 
tages  in  CTC  Slug  Tuned  Coil  Forms. 

Coil  forms  are  of  quality  paper- 
base  phenolic,  high  frequency  grade. 
Mounting  bushings  and  ring-type 
terminals  are  brass,  the  bushings 
cadmium  plated  and  terminals  silver 
plated.  Necessary  mounting  hard¬ 
ware  is  supplied. 

DIMENSIONS 

LSM  —  Extreme  small  size;  only 
211^2"  high  when  mounted;  coil 
form,  diameter;  mounts  in 

single  #18  hole;  mounting  bushing 
has  8-32  thread. 

LSS  —  Moderate  small  size;  IJ/ 
high  when  mounted;  coil  form,  */% 
diameter;  mounts  in  single  ^  hole; 
mounting  has  l'i-2^  thread. 

WINDINGS 

CTC  LSM  and  LS3  Coil  Forms 
are  available  unwound  or  in  any  of 
five  standard  windings:  1,  5,  10,  30 
and  60  megacycles.  They  are  also 
wound  to  specifications.  (Standard 
slug  is  high-frequency  type.)  CTC 
will  custom-engineer  special  coils  of 
practically  any  size  and  winding  . . . 
Let  us  talk  over  your  requirements. 


illustrated  literature, 
available  on  request, 
shows  more  models  of 
^cof^ser  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiers  and  photocells. 
Write  few  "The  Bradley 
line." 


CAMIRID6E  THERMIONIC  CORPORATION 

437  Concord  Avonuo,  Combridgo  38,  Mats. 
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SYNCHRONIZING  GENERATOR 

Model  PT  101 

•  Built-in  3“  otcillotcopo 
with  synchronised 
swoops  for  viowinp 
Timing  and  Video  out¬ 
put  pulso  wave  forms. 

•  Synchronised  Marker 
system  for  checking 
pulse  width  and  rise 
time. 

•  Extreme  stability  in¬ 
sured  by  deriving  all 

ftulses  from  the  lead- 
ng  edge  of  master  os¬ 
cillator  pulse. 

•  Fast  lock  in  action  for 
motion  picture  appli¬ 
cation. 

•  Wide  band  delay  line 
for  odiusting  delays 
without  distorting 
pulse  wave  forms. 

■  bispan  construction  to 
facilitate  servicing. 

•  Dual  output  lacks. 

OUTPUT  SIGNALS: 
Composite  RMA  Video 
Signal,  Camera  Blanking, 
Video  Blanking,  Horison- 
tal  Camera  Drive,  Verti¬ 
cal  Camera  Drive,  S.O 
volts  peak  to  peak  across 
100  ohms  terminations. 

The  Model  PT-101  provides  the  entire  comple¬ 
ment  of  timing  pulses  for  the  complete  operation 
of  all  broadcast  studio  etjuipment  and  receivers. 
SPECIFICATIONS:  S2S  line,  interlaced.  60  fields. 
SO  frames.  RMA  Synchronising  pulsM  held  to 
tolerance  specified  in  t^  NRTPB  repon  of  1949. 
Power  requirements  119  volts  90/60  cps  AC  Line 


TELEVISION 

MONOSCOPE 

SIGNAL  SOURCE 

Model  PT  102 

•  Composito  RMA  Vidoo 
Signol. 

1 

.  j 

•  Wido  Bond  Vidoo  Am- 
plifior,  maximum  6.0 
db.  down  at  10  me. 

I 

!  r  I 

*  Dual  outputs  tor  food- 
ing  two  75  or  100 
ohms  linos. 

-i 

•  Black  Nogativo  or 

1  ' 

il 

Black  PosEtivo  out¬ 
puts. 

B  ■ 

'  mi 

For  the  finest  lateral  reproduction 


the  GRAY  TRANSCRIPTION  ARM 


than  600  lines. 

•  Wiring  accessibility 
for  ease  of  mainten¬ 
ance. 

•  Specifications: 

•  Output:  Composite 
video  signal,  3.0  volts 
across  100  ohms  line. 

•  Input:  Vertical  and 
Horizontal  Driving, 
Camera  G  Kinescope 
Blanking,  Synchroniz¬ 
ing  pulses. 

•  Power:  115  voH 

50/60  cps  AC  line. 


Model  PT-102  produces  a  complete  composite 
ndeo  signal  for  testing  television  equipment  from 
TO  camera  to  the  retxiver.  It  is  especially  suit- 
wle  for  transmitting  a  test  pattern  during  stand 
by  and  warm  up  ^riods  ot  a  station. 

Polarqd 

^(eclronics  C^ompani^ 

9  FERRY  5TREET,  NEW  YORK  7,  N.  Y. 

Televbien  engineers  and  consultants  to 
the  iMtien's  great  television  stations. 


FMtherweight  magne¬ 
sium,  frictionless  mo¬ 
tion,  odjusteble  stylus 
pressure,  self  -  leveling 
base. 


Exhaustive  study  proves  the  impossibility  of  combining  ideol 
lateral  qnd  verticol  mechanical  requirements  into  one  arm. 
The  Gray  Transcription  Arm,  designed  for  finest  lateral  repro¬ 
duction  accommodates  all  modem  cartridges — Genercd  Electric. 
Pickering,  etc. — has  been  adopted  os  standard  equipment  by 
national  radio  networks  including  CBS,  ABC  cmd  numerous 
indepsmdent  radio  stations.  Arm  less  cartridge  $35.00. 


DIAMOND  G.E.  CARTRIDGES! 

At  last  a  permanent  solution  to 
the  quality  pick-up  problem.  We 
can  now  supply  a  Selected  G.E. 
Cartridge  with  finest  quality  Dia¬ 
mond  Stylus  for  mounting  in  the 
Gray  Transcription  Arm.  The  prac¬ 
tically  unlimited  life  of  the  Dia¬ 
mond  Stylus  makes  it  an  excep¬ 
tionally  economical  investment  at 
$25.45  net  to  radio  stations. 


Gray  Equalizer  For  G.E.  Cartridge 


FOR  RADIO  STATION  USE.  No.  601,  4-po$i- 
tion  Equalizer  (Flat,  N.A.B.,  etc.,  etc.)  ex¬ 
pertly  engineered  for  use  with  the  G.E. 
Variable  Reluctance  Cartridge.  Matches  _ 
pick-up  to  microphone  channel.  Adopted 
by  radio  networks.  Complete  $42.50.  JItrd 


GRAY  RESEARCH  &  DEVELOPMENT  Cl 


ELMSFORD  9 


IHESTER  COUNTY  o  NEW  YORK 


■SriTTTTiTTKTTf 


dclentlflcally  compoanded  for  spocllle  nppUeatloiis  from  wozes,  rssiBs. 
MphaHs,  pitches,  oils,  and  mlBersUs.  Available  la  wide  range  of  metMag 
points  and  hardnesses.  Special  potting  eomponnds  are  heat  eondnctlng  aad 
crack  resistant  at  extremely  low  temperatnree.  Reeonamendatloae,  apeelfle 
data,  and  samples  will  be  furnished  on  regneet. 

tor 


IMPRiGNATIHG 
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BIWAX  CORPORATION 


3445  HOWARD  STREET 

SKOKIE,  ILLINOIS 


STAMPINGS 
TO  YOUK 
^PEC\P\ CATIONS 


The  Quadriga  Manufacturing  Co.  22 1 A  WmI  Craad  ilvG. 

fSc.  IMd  •  "Hmlfm  Costwv"  ClllcaCO  10,  NKMOIS 
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under  consideration  by  engineers 
and  photoflash  bulb  manufacturers. 
In  the  meantime,  engineers  are 
recommending  precautionary  meas¬ 
ures  against  the  fire  menace. 


BUSINESS  NEWS 

Buehler  Inc.,  wartime  manufac¬ 
turers  of  radar  and  electronic  parts 
for  Rajrtheon  Mfg.  Co.  and  others, 
are  expandihg  services  in  that  field 
and  are  now  located  at  Route  17, 
Paramus,  N.  J. 


CUSTOM-BUILT 

TRANSFORMERS 

AND  ELECTRICAL  COILS 


Allen  B.  DuMont  Laboratories, 
Inc.  has  added  to  its  tube  plant  in 
Passaic,  N.  J.,  for  the  purpose  of 
tripling  production  capacity  of  the 
popular  12-inch  television  tube. 


Over  25  years  experi¬ 
ence  in  the  manufacture 
of  specials  at  cost  that 
compares  favorably 
with  standard  types. 
Built-in  quality  proved 
by  years  of  actual  use. 

PROMPT  DELIVERIES! 


Weston  Electrical  Instrument 
CORP.  now  occupies  its  new  78,000- 
square-foot  engineering  and  ad¬ 
ministration  building  on  the  plant 
grounds  at  Newark,  N.  J. 


NOTHELFER 

WINDING  LABORATORIES 

9  ALBERMARLE  AVE.,  TRENTON  3,  N.  J 


Wetlon'a  new  engineering  and  adminis¬ 
tration  building 


Kay  Electric  Co.  purchased  two 
acres  of  property  incorporating 
facilities  for  the  development  and 
manufacture  of  several  new  pro¬ 
ducts.  The  new  address  is  Maple 
Ave.,  Pine  Brook,  N.  J. 


Union  Pacific  R.  R.  is  installing 
two-way  radio  in  its  yard  offices  and 
diesel  switch  engines  in  Los  An¬ 
geles,  Denver,  Omaha,  Salt  Lake 
City,  Portland,  and  Pocatello.  Two- 
way  radio-equipped  engines  and  ca¬ 
booses  are  operating  between  Kan¬ 
sas  City  and  Marysville,  Kansas, 
and  fixed  transmitters  for  commun¬ 
ication  with  these  trains  are  located 
at  five  Kansas  stations. 


•  For  multiple  circuit  switching  and  many 
industrial  and  electronic  control  circuits 
and  systems. 

•  Compact  .  .  .  occupies  minimum  space. 
Rugged  construction  and  precision-built 
for  dependable  performance. 

•  Adaptable  to  a  wide  variety  of  circuit 
arrangements. 

Also  furnished  with  Octal  Base  and 
hermetically  sealed  container. 

Write  for  Bulletin  No.  50-6 


Leeds  &  Northrup  Co.,  manufac¬ 
turers  of  electrical  measuring  in¬ 
struments  and  automatic  controls, 
has  purchased  an  additional  build¬ 
ing  in  Germantown,  Pa.,  one  block 
from  its  main  plant. 


Series  63 — 

SURFACE  MOUNTING  type  with  re¬ 
movable  dust  cover.  Solder  terminals, 
(appr.  14  size) 


RELAYS  •  SIGNALS  •  CODE  CALL 


International  Rectifier  Corp.,  a 
new  firm  equipped  for  research  and 
manufacture  in  the  field  of  colori- 
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STAINLESS 

ste:£l 
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metric  equipment,  photoelectric 
cells,  and  selenium  rectifiers,  has 
opened  a  plant  at  6809  Victoria 
Ave.,  Los  Angeles,  Calif. 

Bodine  Electric  Company,  Chi¬ 
cago,  Ill.,  is  now  operating  a  new 
plant  to  build  the  type  U  motor,  a 
split-phase  motor  for  office  ma¬ 
chines,  coin-operated  phonographs, 
circulating  pumps,  and  other  de¬ 
vices  requiring  fractional-horse¬ 
power  motor  drive. 


NON-CORRODING  "ALLENS 


for  applications  where  steel  is 
subject  to  excessive  moisture, 


chemical  fumes  or  corrosive 


vapors.  Made  of  ’*18-8  Type” 
Stainless,  non -heat  treated,  non¬ 
magnetic.  Set  screws:  stock 
sizes  ^6  to  diameter;  cap 
screws:  #8  to  .  N.C.  thread; 
only.  Class  3  fit;  Allen  pre¬ 
cision  fastenings.  .  .  Order  of 
your  local  Allen  Distributor, 
or  write  us  for  samples  and 
literature! 


the  ALLEN  MFC.  COMPANY 

HARTFORD  1.  CONNECTICUT,  U.S.A. 


HOW  lARGE  IS  A 

IG 
COIL? 


New  Bodine  plont  for  midget  motors 

Sperry  Gyroscope  Company  Ltd., 
Brentwood,  Middlesex,  England  has 
added  20,000  sq  ft  of  floor  space, 
bringing  the  total  to  150,000  sq  ft. 

A  large  proportion  of  this  addi¬ 
tional  space  will  be  devoted  to  a  new 
research  laboratory. 

Jefferson  Electric  Co.,  Bellwood, 
Ill.,  transformer,  ballast,  and  fuse 
manufacturers,  have  bought  the 
Capacitron  Co.,  Inc.  of  Chicago  to 
enlarge  and  improve  facilities  for 
capacitor  production. 

PERSONNEL 

Dorman  D.  Israel,  after  12  years 
as  vice-president  in  charge  of  en¬ 
gineering  and  production  at  Emer¬ 
son  Radio  and  Phonograph  Corp., 
was  elected  executive  vice-president 
of  the  corporation. 

Larry  S.  Cole  was  appointed  head 
of  the  department  of  radio  and  elec-  | 
tronics  at  Utah  State  Agricultural 
College.  He  had  taught  at  the  col¬ 
lege  in  that  field  since  1939. 

T,kk  a.  DuBridge,  president  of  the 
California  Institute  of  Technology, 
rweived  from  the  Research  Corpor¬ 
ation  of  New  York  their  annual 
award  of  $2,500  in  recognition  of 
his  scientific  contributions  in  the 
field  of  radar  and  his  outstanding 
administration  of  the  MIT  Radia¬ 
tion  Laboratory  during  the  war. 

Frederick  R.  Lack,  a  director  of 
Western  Electric  Co.  and  vice-presi- 


Thit  big  r«c*ntly 
produced  lark*r 
and  Williamson  coil 
moasuros  34"  in 
diamotor. 


We  don't  know,  but  we  do  know 
that  from  less  than  V2  inch  in  diam¬ 
eter  on  up  to  a  2-fooi  inductor  like 
the  larger  one  shown  here,  the 
organization  of  electronic  specialists 
at  Barker  and  Williamson  is  set  to 
give  your  requirements  prompt, 
intelligent  attention. 

Engineering  and  production  facil¬ 
ities  at  B&W  are  ample  to  take  core 
of  a  myriad  of  varying  coil  require¬ 
ments  —  big  or  little,  a  few  at  a  time 
or  a  production  run! 

Write  Department  EL-28  con¬ 
cerning  your  requirements. 


BARKER  &  WILLIAMSON, Inc. 

237  Fairfield  Ave. .Upper  Darby,  Pa. 
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Is  your  problem 

COUNTING 


CONTROLLING 
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dent  in  charge  of  the  radio  division, 
received  the  Presidential  Certificate 
of  Merit  “for  outstanding  fidelity 
and  meritorious  conduct  in  aid  of 
the  war  effort  against  the  common 
enemies  of  the  United  States  and  its 
Allies  in  World  War  II.” 


George  W.  Little,  chief  of  research 
and  electronic  development  at  the 
Maico  Co.,  Inc.  of  Minneapolis, 
manufacturers  of  audiometers  and 
hearing  aids,  has  been  elected  vice- 
president  of  the  company. 


OiCTNiHS  CIINTEIS, 
MTEIVAl  TWEIS. 
MiUTiM  WLin^  / 
nEKTEtMWEB  / 
CMITaa.  ETC. 


G.  W.  Uttle  L  B.  Blaylock 

L.  B.  Blaylock  has  been  appointed 
director  of  the  Radio  Division  of 
Federal  Telephone  and  Radio  Corp., 
Clifton,  N.  J.  He  retired  from  the 
Navy  with  the  rank  of  Captain  in 
1941  after  27  years  of  extensive 
Navy  communications  and  design 
assignments. 

Paul  J.  Larsen,  for  the  last  five 
years  a  member  of  the  technical 
staff  of  the  Applied  Physics  Labor¬ 
atory  of  Johns  Hopkins  University, 
during  which  time  he  was  actively 
engaged  in  the  development  of  the 
radio  proximity  fuze,  has  been 
granted  a  leave  of  absence  to  serve 
as  associate  director  of  the  Los  Ala¬ 
mos  Scientific  Laboratory  in  New 
Mexico. 


CAM  ' 
SEQUENCE 


FREQUENCY 


PaiTEI  INSTIttMENl 
mm,  m.  i3s-s£ 
iissETEiT  mm, 

m. 


P.  I.  Lan*n  J.  B.  Dow 

Jennings  B.  Dow,  wartime  Chief 
of  the  Electronics  Section  of  the 
Bureau  of  Ships  in  Washington, 
D.  C.  was  recently  elected  to  the 
board  of  directors  of  Hazeltine 
Corp. 
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Since  1933  in  Radio  and  {lecironics 


NEW  YORK  n,  N  Y 


351  WEST  19«h  STREET 


CANNOT  BE  lONi 


APPLICATIONDESIGNED  RESISTORS' 


'  No  need  to  quarrel, 
whether  large  or  small, 

*  there's  a  SELETRON 
Selenium  Rectifier  for 
! ,  practically  any  application. 
/  And  we  can  build  any  size 
to  your  specifications. 

Yes,  both  the  Mite 
and  the  Mighty  agree  . 


'Tin  Ifc*  smallest, 
streaaast  SlUTMON 
Solanlwm  loctiior  — 
fast  I'm 

wsod  for  so  many  ap¬ 
plications  wfcoro  high 
ootpvt  and  compoct- 
noss  is  ragalrad."  , 


"And  I'm  tha  larpost,  haaxy- 
rfiity  SELETRON  Solonivm  *o<- 
I 1 0-1  S/U'x5*. 
Thoy  coll  on  mo  lor  roally 
rvggod  sorvico  In  AC-DC 
convorsion."  ^ 


MANUFACTURERS  OF 
MINIATURE  TUBE  RADIOS 
AND  EQUIPMENT 


It  Star  Miniature  Socket  Wiring 
Plugs  for  accurate  alignment 
of  miniature  socket  contacts 
during  wiring.  Precision  cost 
of  tine  base  aUoy — pins  of 
s  staiftless  steel.  #JE-9  (9  pin); 
[  f  JE  W  (7  pin). 


3  Phoie  Hoff-Wove 


CIRCUIT 


HoH-Wove 


250  (Fon-CooledI 


OUTPUT  AMPS 


"Specify  SELETRON 
Selenium  Rectifiers!'' 


Now  off  the  press! 
Send  for  our  new 
bulletin 


A  Star  Miniature  Tube 
Pin  Stroighteners  (with 
stoinleu  steel  insert) 
to  obtain  a  perfect 
fit  when  the  tube  is 
ploced  in  the  equip¬ 
ment.  #JE-15  (9  pin); 
fJE-n  (7  pin). 


WRITE  TODAY  FOR  FUU  INFORMATION, 
ADDRESS  DEPT.  S-15 


''SELETRON 
Selenium  Rectifiers. 


Scientifically  designed  —  Precision  mode 
Immediate  Delivery  in  Any  Quantities 


todayl 


147  CEDAR  STREH.  NEW  YORK  6,  N.  Y. 


TYPE  AlA-3  WATtS 
MAX  lES;  *25,000  oImm 
MAX  RES.-  5,000  sImm  (Msnsosln) 
lODY  SIZE;  1%”  1$,  hr  V,"  OlMi. 
TOIEIANCES.  SM. 

*M«x.  Rk.  0015  Nkh.  10,000  chon 

TYPE  llA-5  WATTS 
MAX  RES;  *50,000  clwn 
MAX  RES;  10,000  aims  (MmifMiR} 
lOOYSIZE:  dim. 

TOLERANCES;  Sid.  t% 

*Mu.  Rm.  0015  Nith.  15,000  •fats 


TRANSFORMERS  -  COILS 

Any  or  atl  Typeo  hmttt  to  individual  opeeifieatiotu 
RESEARCH  .  DESIGN  •  PRODUCTION 
Single  Items  or  QutaUity  Produetlon 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

2921  WEST  OLIVE  STREET  BURBANK,  CALIFORNIA 


''  CoMpact- 
Accurate! 

IN-RES-CO  retittort  n 

are  precision  built  of  ^ 

the  finest  materials  obtainable. 
All  rating*  are  conservative— 
your  assurance  of  long  depend¬ 
able  service.  Write  today  one 
company  letterhead  for  com¬ 
pletely  illustrated  catalog. 

INSTRUMENT 
RESISTORS  CO. 

1036  COMJMERCE  AVE. 

X  UNION.  NEW  JERSEY  ^  _ 


Our  modern  fabrication  plant  is  oquippod  to 
handle  the  precision  fabrication  of  radio  chassis, 
transformer  cases,  stampings,  boxes,  and 
specialties. 

TOOL  DEPT . Progressive  A  compound  dies 

PRESS  DEPT . 90-ton  maximum  ' 

PROD.  DEPT . No  quantity  tee  large 

MODEL  DEPT . No  amount  too  small 
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AMERICAN  TELEVISION  AND  RADIO  CO 


NEW  BOOKS 


f/or  I 
TUBULAR  ^ 
PARTS 
ELECTRONICS 
INDUSTRY  r 


Elements  of  j 

Acoustical  Engineering 

By  Harry  F.  Olson,  Acoustical  Re¬ 
search  Director,  RCA  Laboratories, 
Princeton,  N.  J.  D.  Von  Nostrand 
Company,  Inc.,  New  York,  N.  Y.,  1947, 
539  pages,  $7.50. 

This  second  edition  of  one  of  the 
outstanding  books  in  this  held  is  a 
very  timely  addition  to  the  work  of 
the  author.  Many  advances  have 
been  made  in  acoustical  engineer¬ 
ing  in  the  past  few  years,  and  a 
knowledge  of  them  is  of  importance 
to  those  working  in  the  field. 

In  preparing  new  and  revising 
existing  materiEil,  the  same  prin¬ 
ciples  were  followed  as  in  the  first 
edition.  The  author  has  attempted 
to  bring  up  to  date  and  amplify  each 
chapter.  A  considerable  amount  of 
material  in  the  first  edition  is  now 
obsolete,  and  the  book  could  have 
been  of  more  value  if  he  had  given 
a  new  treatment  of  the  up-to-date 
status  of  the  field. 

Material  included  on  film,  disc, 
and  magnetic  recording  borders  on 
the  field  of  applied  theory.  Prob¬ 
ably,  for  this  reason,  it  has  been  re¬ 
stricted  in  scope. 

The  author  has  included  many 
new  valuable  subjects  in  the  re¬ 
vision,  such  as  a  complete  list  of 
definitions  on  dynamical  analogies, 
more  comprehensive  charts  on  re¬ 
sponse  of  open,  back,  enclosed  as 
well  as  reflex  ported  cabinets,  addi¬ 
tional  information  on  diaphragm 
suspensions  and  voice  coils,  acousti¬ 
cal  resistances  of  such  materials  as 
silk  cloth  used  in  microphones  and 
loudspeakers,  and  a  more  thorough 
study  of  noise  as  generated  in  a 
sound  pickup  system. 

The  Acoustical  Reciprocity  Theo¬ 
rem  of  Helmholtz  and  Rayleigh  is 
discussed  in  connection  with  the 
calibration  of  microphones.  Free 
field  sound  room  measurement  tech¬ 
nique  is  outlined,  along  with  data  on 
the  absorption  coefficient  frequency 
characteristic  of  a  typical  room.  A 
much  needed  discussion  on  the 
measurements  of  the  response  of 
phonograph  records  by  the  optical 
method  has  been  included.  Essen¬ 
tial  information  required  for  the 
measurement  of  flow  resistances  is 
Considerable  amplification 


CUItftSHT 

CONVifi9I0N 


BATTIRY  ELIMINATORS 

For  DEMONSTRATING  and 
TESTING  AUTO  RADIOS 

Now  Modols  .  .  .  Dooignod  for  Toot¬ 
ing  D.C.  Doctriccd  Apparatus  on 
Rogulor  A.C.  Linos.  Bgnippod  with 
Fuu-Woto  Dtt  Disc  Typo  Roctiiior, 
Assuring  Noisoloss,  Inlorioronco- 
Froo  Oporation  and  Extroao  Long 
Lifo  and  RoliablUir. 

■  EUminotos  Storago  Bottorios  and 
Battory  Chargors. 

•  Oporotos  tho  Equipmont  at  Maxi¬ 
mum  EHicioncy. 

•  Fully  Automatic  and  Fool-Prooi. 

•  Typo  60-ELIA  .  .  .  Rated  Output 
•4  Volts  at  (4  Amporos. 

•  Typo  120C — E3JO  .  .  .  Ratod  Out¬ 
put  BJ  Volts  at  14  Amporos. 


Some  representative  types  of  tubu¬ 
lar  parts,  specifically  those  incor¬ 
porating  rolled  edges,  for  which  the 
Electronics  Division  of  Superior  Tube 
Company  is  justifiably  the  industry’s 
primary  source. 

1.  Tube  rolled  on  one  end  — .520"  0.0.  x 
.500"  I.D.  X  1.378"  long,  rolled  to  .600" 
diameter  used  as  on  anode  in  television  tube 
gun  structure.  Superior  Print  ET-28,  Port  3. 

2.  Tube  rolled  on  both  ends — .500"  I.D.  x 
.010"  wall  X  .590"  long,  rolled  on  both 
ends  to  .590"  diameter — used  in  rectifier 
tubes.  Superior  Print  ET-10,  Part  1. 

3.  Tube  with  inyortod  roll  on  one  end  — 
.520"  O.D.  X  .500"  I.D.  x  1.850"  long 

. .  cylinder  for  use  in  television  tube  gun 
tructures.  Superior  Print  ET-36,  Part  1. 

4.  Expanded  and  rolled  end  tube — .500’ 

I.D.  X  .012"  wall  X  2.600"  long,  after 
expanding  one  end  to  .760"  diameter, 
and  rolling  same  end  to  .915" — used  as 
focusing  electrode  in  television  tube  gun 
structure.  Superior  Print  ET-9,  Part  1. 

Rolled  tubes  in  any  form  are  prod¬ 
ucts  of  the  precision  manufacturing 
techniques  of  the  Electronics  Division 
—  for  further  information  you  are 
invited  to  write  for  Booklet  ETP. 


AUTO 

RADIO 

VIBRA¬ 

TORS 


Destgaad  fw  Dm  la  Btamdord  Vlbra- 
tor-Opwatod  Auto  Rodfo  RocoiTon. 
Bolll  wift  Proeiofoa  Coaotructioa  for 
Leagor  Lailiag  Lifo.  PrlcM  core 
opp.  15%  lowoi. 


For  Invortins  D.  C.  to  A.  C. 
teckxUy  Doolgaod  for  Opwadag 
■C.  RooIm,  ToloyWoa  Soto.  AaipU- 
m,  AddxoM  Syatoais,  oad  Radio 
lot  Equipawat  from  D.C.  Voltc^fM 
Vohlcfoo.  Shte,  Troiaa,  PlaaM 


r UBE  ^COMPANY 

ELECTRONICS  DIVISION 

2500  GERMANTOWN  AVENUE 
NORRISTOWN.  PENNSYLVANIA 


given. 

is  made  in  the  chapter  on  dispersion 
of  sound.  A  brief  treatment  of 
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SAVE  MONEY...USC 

FEDERAL 

SHORT  RUN  STAMPINGS 

Wh«n«v«r  you  need 
accurate  high  quality 
stampings  from  almost 
fiSSun  ""y  material,  specify 
FEDERAL  stampings. 
You  ore  sure  to  be 
pleased,  and  you  will 
save  money  too! 

\  FASTER  DELIVERIES 

SAVE  YOU  TIME! 

Speedy  shipments 
save  you  valuable 
^  time  on  design  changes 

or  important  experi- 
mental  work.  Helps 
you  make  faster  de¬ 
liveries  on  special 


orders. 


SEND  FOR  FREE 


BULLETIN  TODAY 


FEDERAL 

TOOL  &  MFC.  COMPANY 

3216  Wash  Ave  N  ,  Mmneapolii  12.  Mmn 


COME 

ana  see 


167  electronic  exhibits 
at  the 

RADIO  ENGINEERING  SHOW 
of  the 

1948  I.R.E.  Notional 
Convention 

March  22-25,  1948,  at 
Grond  Central  Palace,  New  York 


over  100  technicel^  research  and  engineering  appli- 
cetion  papen  on  "electronics,  the  new  frontier" 


The  Institute  of  Radio  Engineers 
1  East  79th  St. 

New  York  21,  N.  Y. 


Ihsigaed  for 

you,  APwmTWN 

PANADAPTOR 

Whether  .your  opplicotion  of  spectrum  on- 
olysis  requires  high  resolution  of  signob 
closely  adjacent  in  frequency  or  extra  broad 
spectrum  scanning,  there  is  a  standard  model  Panadaptor  to  simplify  and  speed  up  your  job. 
Standardized  input  frequencies  enable  operation  with  most  receivers. 


HaxiniMm  Sconning  Width 
Inpot  Ctnttr  FrtqvMcy 

iMoIvtion  at  Maximom 
ScMMing  Width 

Itsolvtion  at  20%  of 
Maimani  Scanning  Width 


^tui€4U^ate  tAcAc 

APPLICATIONS  OF  PANADAPTOR 
*Frequency  Monitoring 
*Oscillator  performance 
analysis 

*FM  and  AM  studies 

hVRITE  NOMT  for  rocommondotlont,  69MM 
spoclflcarlont,  pricas  ond  dolivory  timo. 


MODEL  SA-3  HPES 

MODEL  SA-6  TYPES  . 

T-50 

MOO 

.T-200 

MOOO 

T-1000 

T-6000 

MOOO 
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SOKC 

100KC 

200KC 

1MC 

1MC 

AMC 

1MC 

lOMC 

20MC 

4S5KC 

455XC  , 

4SSXC 

5JSMC 

10JMC 

MAC 

SJSMC 

30MC 

30MC 

2.SIC 

3.4KC 

4.4XC 

11XC 

11XC 

25XC 

11XC 

75XC 
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1.TKC 

2.7KC 

4XC 

9XC 

7.SXC 

22XC 
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A5XC 

7SXC 
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92  Gold  St. 

New  York  7.  N  Y. 

Exclusive  Canodton  Represenfoftt 


CORP. 


Cable  Address 
PANORAMIC.  NEW  YORK 

Conodion  Morconi,  Ltd 


RATED  TOPS  BY  EXPERTS 

T/:fe  COLLINS  Custom  Built  FMIAM  Tuner 

This  tuner  has  received  wide  acclaim  throughout 
the  country  as  the  best  medium  for  reception  of  FM 
and  AM  broadcasts.  Many  extra,  personal  acces- 
Mries  may  be  ordered  with  the  tuner  to  make 
it  exactly  what  you  want.  Its  17  tube  circuits  em¬ 
ploy  Armstrong  FM,  full  complement  of  vacuum 
tubes,  self-contained  power  supply  and  latest  cir¬ 
cuit  developments.  Write  for  full  information 
about  this  mauvelous  product. 


COlUNS  AUDIO  PRODUCTS  CO.,  INC. 

126  PARK  ST,  WESTFIELD,  N.  J. 

Ttltpbome:  Weti field  2-4^90 


SMALL  PARTS 

FUenaenta,  anodes,  supports,  apringa,  etc 
for  electronic  tubes.  Small  wire  and  flat 
metal  formed  parts  to  your  prints  for  your 
assemblies.  Double  pointed  pins.  Wire 
straightened  and  cut  diameter  up  to 
inch.  Any  length  up  to  12  feet. 

LUXON  Ashing  tackle  accessories. 
Inquiries  will  receive  prompt  attention 

ART  WIRE  AMD 
STAMPING  CO. 

227  High  St  Newark  2,  N.  I. 
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BOONTON 


NEW  BOOKS  (coNllMnB) 

polycylindrical  surfaces  as  used  for 
sound  reinforcing  and  broadcast¬ 
ing  as  well  as  recording  studios  is 
presen.^.  An  expansion  of  the 
chapter  on  speech,  music,  and  hear¬ 
ing  includes  new  data  and  a  discus¬ 
sion  on  the  frequency  range  prefer¬ 
ence  for  live  speech  and  music  and 
for  reproduced  speech  and  music. 

Two  new  chapters,  on  underwater 
sound  and  on  supersonics  and  ultra¬ 
sonics,  have  been  added.  There  is 
a  wide  variety  of  material  covered 
in  the  general  field  of  acoustical 
engineering  and  its  allied  subject. 
As  such,  this  is  an  excellent  refer¬ 
ence  particularly  for  the  designers 
of  microphones,  loudspeakers,  and 
underwater  signaling  devices  as 
well  as  for  those  who  are  interested 
in  dynamical  analogies  and  the  gen¬ 
eral  problems  of  speech,  music,  and 
hearing, — John  K  Hilliard,  Chief 
Engineer,  Altec  Lansing  Corp., 
Hollywood,  Calif. 
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Elements  of  Radio  Servicing 

By  William  Marcus  and  Alex  Levy. 
MeGraw-HUl  Book  Company,  Inc., 
New  York,  1947,  475  pages,  $3.60. 

This  book  is  a  welcome  and  much 
needed  addition  to  the  literature 
dealing  with  radio  in  general  and 
home  receivers  in  particular.  While 
many  fine  books  have  been  written 
to  explain  radio  theory,  there  are 
very  few  that  give  any  information 
of  a  practical  nature  concerning 
trouble  shooting  and  repair  tech¬ 
niques.  The  authors  of  this  book 
have  bridged  this  gap  in  the  litera¬ 
ture  by  telling  the  reader  exactly 
what  to  do,  why,  and  when  to  do  it. 

It  is  assumed  that  the  reader  has 
already  acquired  an  elementary 
knowledge  of  basic  radio  theory. 
And  to  present  a  maximum  of  use¬ 
ful  information,  the  scope  of  the 
book  has  been  purposely  restricted 
to  the  most  widely  used  receiver — 
the  superheterodyne.  A  circuit, 
typical  of  modern  receiver  design, 
has  been  selected  and  the  discus¬ 
sions  of  basic  service  procedures 
for  each  of  the  various  sections 
(power  supply,  audio,  i-f,  etc.)  are 
centered  on  this  model  receiver,  one 
or  more  chapters  being  devoted  to 
each  section  of  the  receiver. 

1  The  book  opens  with  a  discussion 
of  service  procedures  and  suitable 
test  equipment,  three  chapters  be¬ 
ing  devoted  to  signal  generators  as 


MEGACYCLE 

METER 


Radio's  newest,  multi-purpose  instrument  con¬ 
sisting  of  a  grid-dip  oscillator  connected  to  its 
power  supply  by  a  flexible  cord. 

Cfcecir  these  oppikatiom: 

•  For  determining  the  resonant  frequency  of 
tuned  circuits,  antennas,  transmission 
lines,  by-pass  condensers,  chokes,  coils. 

•  For  measuring  capacitance,  inductance, 
Q,  mutual  inductance. 

•  For  preliminary  tracking  and  alignment 
of  receivers. 

e  As  an  auxiliary  signal  generator;  modu¬ 
lated  or  unmodulated. 

•  For  antenna  tuning  and  transmitter  neu¬ 
tralising,  power  off. 

•  For  locating  parasitic  circuits  and  spurious 
resonances. 

e  As  a  low  sensitivity  receiver  for  signal 
tracing. 


SFCCIflCATIONS: 
Power  Unili  5^ "wide; 
6!4"  high;  7%'  deep. 
Oscillator  Unit:  3^" 
diometer;  2"  deep. 

FREQUB^CY: 

2.2  me.  to  400  me.; 
seven  phig-in  coils. 

MODULATION: 

CW  or  120  cycles;  or 
external. 

POWER  SUPPLY: 

110-120  volts,  50-60 
cycles;  20  watts. 


MANUFACTURERS  OF 
Standsrd  Sifssl  Ececraters 
Pdsc  GcMratcrs 
FM  Sitsd  Gesersten 
Sgurt  Wsw  Gssersters 
Vsewim  Tsbc  Vdtmctsrs 
UHF  Radio  Neist  t  FMd 
Strooftk  Motsrs 
Capacity  BrM|ts 
MossImi  Metars 
Phase  Soqaeeca  Indicaters 
TdavisiM  and  FM  Tost 
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APPLICATION 

ENGINEERED 

"precision;' 

Circuit  Tester 

20,000  Ohms  per  Volt 


..  .  -r' 


.■-•A 


.m.i 
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THE  NEW  SERIES  85 

Compact,  laboratory  styled,  high  sensitivity  test 
set  ' 'Application  Engineered”  for  production, 
test,  laboratory,  school  and  service-mainte¬ 
nance  phases  of  modern  radio-eiectronics- 
communications, 

20,000  Ohms  per  Volt  D.C. 

— 1000  Ohms  per  Volt  A.C. 

VOLTAGE  RANGES:  0-3-12-60-300-1200- 


VOLTAGE  RANGES:  0-3-12-60-300-1200- 

6000  A.C.  &  D.C. 

CURRENT  RANGES:  0-120  microamps.  0- 

1.2-12-120  MA.  0-1.2 
-12  Amps.  D.C. 

RESISTANCE  RANGES:  0-6000-600K-6  Meg 
— M  Megohms. 

DECIBEL  RANGES:  From-26to-l-70DB. 

Complete  with  batteries  C90  VC 

and  test  leads  .  p5o./D 


PLUS  superior  physical  features: 

if  4 Vi"  wide  angle  meter. 

'A  Heavy  duty  molded  bakelite  instrument 
case  size  SVz  x  7Vk  x  3". 
if  Heavy  Muge,  anedlmd  alnminum  poeel. 
if  RotoiV  RanM  and  Function  Snioction. 

'A  Rncnssnd  6000  volt  sodoty  jocks. 

A  Only  two  pin  jacks  all  standard 

rangns. 

A$k  to  see  this  and  other  "Precision”  Ap¬ 
plication  Engineered  instmmente,  on  dis¬ 
play  at  leading  radio  parts  distributors. 
Writs  for  new,  complete  1H8  catalog,  in¬ 
cluding  details  of  the  Precision  Eleetronamic 
tube  testing  circuit. 


PRECISION 

APPARATUS  CO.,  Inc. 
92-27  Horace  Harding  Blvd. 
Elmhurst  1 0,  N.  Y. 


Export  Division,  45t  Broadway,  How  York  City, 
U.  S.  A.  Cablos,  MORHAHEX 
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For  Lofost  JOHNSON  Cotolog 


DEPENDABILITY 

KNOW-HOW 

Saving  the  Trade  Since 

1925 


**  Where 
Professional 
Radiomen 
'  Study** 


'  LAMINATED  PLASTICS 


FABRICATED  FARTS  •  TAYLOR  INSULATION  •  SILENT  GEAR  STOCK 
Ws’ra  nody  wfMMvsr  you  or*.  Svtd  bluaprintt. 

T/kYliOR  FIBRE  -COFAPANY  f— tiwim 


Faelfie  CmwI  Flaati  La  V« 


CalUwaia  •  OfficM  ia  Friaeipal  OGm 


Combining  minimum 
weight  with  Bmall  aizs.  ^  . 

JOHNSON  Typ#  H  Con-  ®  - 

donson  ore  doiignod  ospo-  *  ^ 

cioUy  lor  aircrait  trans-  ^ 
mitton.  Simple  and  rugged  * 

in  construction,  JOHNSON 
Type  H  Condensers  easUy  ^ 

withstand  heory  Tibrotion. 

STEATITE  end  plates  pre-  tvbb  u 

▼ent  any  possibility  of  TYPE  H 

"short  circuit  loops"  and  JOHNSON  CONDENSERS  ^ 
permit  panel  mounting 

with  both  rotor  and  stator  insulated  Excellent  for  police  eq 

from  ground.  Capacities  and  spacings  ground  equipment,  amat 
ore  proyided  for  low  and  meditun  power  test  equipment,  VHF  an 
stages.  Aluminum  plates  are  .020"  They're  small  in  size- 

thick.  End  plcrtes  ore  \W  square.  formonce! 


Excellent  for  police  equipment  airliiM 
ground  equipment,  amateur  equipment 
test  equipment,  VHF  and  others. 

They're  small  in  size — great  in  per¬ 
formance! 


for  furthor  Dotails  Writ* 


PhpnnI  FihrP  water-,  on-,  and  chemical-resitting  sheets  of  high  dielectric  strength. 

*  *  *  Supplied  in  block  and  natural  color.  Standard  sheets  approximately 
49  x  49  inches.  Thicknesses  from  .010  to  9  inches.  Rods  and  tubes. 

VllIrPniTPri  FihrP  uniform,  high-grade,  hard  fibre  in  sheets  56  x  90 

Inches  to  save  waste  in  cuttiifg.  Smaller  sheets  if  desired.  Also  in 
standard-size  rods. 


JOHNSON 


^acUa 


KCUHC 


CK 


H.  L.  DALIS,  Inc. 


Distributors  of 

RADIO  &  ELECTRONIC  SUPPLIES 
17  Union  Squoro  •  New  York,  N.  Y. 

Phottt's:  ALgouquin 


KENYON 

TRANSFORMERS 

Engineers  specify  Kenyon 
Transformers  for  dependable 
performance.  Famous  for  con- 
servatiye  ratings  and  rugged 
construction,  Kenyon  transform¬ 
ers  ore  preferred  for  long, 
trouble-free  service  in  quality 
equipment. 

TERMINAL  carries  a  complete 
stock  of  Kenyon  transformers 
and  chokes  for  power  and 
audio  requirements. 

Catalog  on  request. 


Distributors  of  Electronic  Equipment 
85  CORTLANDT  ST. 

NEW  YORK  7,  N.  Y. 

Phons;  WOrth  2-441 S 


Capitol  Radio 
Engineering  Institute 

An  Accredited  Technical  InsUliUe 

16th  and  Park  Rd.,  N.  W. 

Dept.  S-1 

Washington  10,  D.  C. 

Home  Study  and  Residence 
Courses  in  Practical  Radio- 
Electronics  and  Television. 
Approved  for  Veteran  Training. 
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PROOF  OF  PERFORMANCE! 


coo»** 

,»pOSW»«* 


APPLICATION 


INSL-X*  CODE 


27-SA 


OVERALL  VARNISH 


OVERALL  LACOUER 


28-OB-SA 


HOOKUP  WIRE 


25X-OB-SA 


WAX  SOLUTION 


SN-1 5-OB-SA 


OVER-ALL  VARNISH 


95-OB 


WAX  CONCENTRATE 


FABRIC  TREATMENT 


SN.3-T 


FUNGICIDAL  CODES:  A— Phanyl  Mercuric  Salicylate,  T— Phenyl  Mercuric  Stearate, 
PA — Pentachlorophefial,  SA— Salicylanllide,  OS— Phenyl  Mercuric  Orthe  Benxalc 
Seinhimide 


ACTUIIN6  ENGINEERS  OF  INSUUTIN6,  RINGKIDAL  AND  PIOTEaiVE  ttEailCAi  COATI 


KH  J.  CONNOR 
13  Real  Estate  Trust  Bldg, 
ilodelphia  7,  Penna. 
OLLIDAY  HATHAWAY  D 

SALES  CO.  7. 

38  Main  Street  Bi 

ombridge  43,  Mass. 

.  A.  STEMM  C 

I  E.  Van  Buren  St.  R' 

hicaga  5,  Hi.  C 


INSL-X 
*’  AGENTS 

DEAN  THOhtAS 
728  Main  Street 
Buffala  2,  N.  Y. 

C.  E.  WHITE 
Bulkley  Building 
Oeveland,  Ohia 


B.  B.  7ALYOR 
107  William  Street 
New  Yorh,  N.  Y. 

H.  C.  SWEET  Ca 
3729  Fenkell  Ave. 
Detrait  21,  Mich, 
i.  C  VAN  GROOS 
1408  South  Grand  Ave 
Los  Angeles  15,  Calll. 


L.  C  R.  SALES  CO 
P.  O.  Box  1191 
Austin  6,  Texas 

O;  BIEDERA4ANN  CO. 
1514  University  Tower 
Montreal,  Canada 

C  B.  ANDERSON  CO. 
10  E.  4th  St.  Building 
Tulso  3,  Oklahoma 


A  COATING  FOR  EVERY 
APPLICATION . . .  COMPONENTS, 
WIRING,  CHASSIS,  PANELS! 

INSL-X  fungicidal  coatings  absolutely  inhibit 
organic  atta»;  prevent  moisture  inMtration. 
Years  of  research  and  improvement  have  made 
these  products  the  finest  available  for  protect¬ 
ing  electronic  equipment,  wiring  ana  com¬ 
ponents  against  the  deteriorating  effects  of 
moisture,  mildew  and  corrosion. 

INSL-X  coatings  are  available  in  many  types, 
each  of  which  offers  the  maximum  protection 
,for  a  specific  group  of  requirements — impre^ 
nation,  surface  coating,  high  dielecuic  strength, 
low  loss  characteristics,  etc.  All  of  the  CMt- 
ings  are  easy  to  apply,  biologically  effective, 
non-toxic  to  humans  am  non-corrosive.  Chem¬ 
ical  and  diermal  stabilities  are  excellent  and 
insure  long  term  protection  in  every  applica¬ 
tion.  INSL-X  fungicidal  coatings  meet  rigid 
government  specifications. 

Write  for  complete  specifications  and  application 
dau  on  all  INSL-X  insulating  coatings  imd  cooH 
pounds — ^fungicidal  and  reguliu:  no  obligation.] 


NEW  BOOKS  (coatinued) 

the  authors  seem  to  prefer  the  sig¬ 
nal  substitution  method  of  locating 
trouble.  Then  follows  a  thorough 
discussion  which  includes  quick 
check  procedures,  normal  test  data, 
commonly  encountered  variations  ‘ 
from  the  model  circuit,  information 
concerning  the  functioning  of  each 
part,  and  practical  data  concerning 
the  procurement  and  installation  of 
suitable  replacement  parts  for  each 
basic  section  of  the  model  receiver. 
A  summary  and  comprehensive  list 
of  questions  designed  to  test  the 
reader’s  grasp  of  the  subject  dis¬ 
cussed  closes  each  chapter. 

There  are  certain  basic  proced¬ 
ures  and  circuits,  however,  that  are 
conspicuous  by  their  absence  from 
this  book.  As  an  example,  no  at¬ 
tempt  is  made  to  explain  how  an 
ohmmeter  or  a  voltmeter  may  be 
used  to  locate  open,  shorted,  or 
grounded  components  in  complex 
circuits.  Neither  is  there  any  prac¬ 
tical  information  on  how  to  work 
without  a  circuit  diagram,  or  how 
to  use  such  a  diagram  to  locate  a 
given  resistor,  capacitor,  or  other 
component  in  the  actual  receiver 
chassis.  Step-by-step  procedures  of 
this  sort  are  invaluable  to  the  begin- 


There  is  a  definite  need  for  more 
photographs.  In  the  example  given 
above,  a  photograph  of  the  under¬ 
side  of  a  receiver  chassis,  together 
with  its  circuit  diagram  and  a 
clear-cut  explanation  telling  how  to 
locate  parts,  would  add  greatly  to 
the  value  of  this  book.  Unfortunate 
also  is  the  lack  of  any  discussion  of 
the  voltage-doubler  circuits  com¬ 
monly  encountered  in  transformer¬ 
less  receivers,  and  the  unexpectedly 
brief  section  on  receiver  alignment 
with  no  mention  of  a  cathode-ray 
oscilloscope. 

There  are  other  points  that  make 
the  book  less  than  ideal  but  they  are 
of  too  minor  a  nature  to  detract 
from  the  total  value  of  the  book. 
The  authors  are  to  be  complimented 
for  bringing  professional  servicing 
techniques  into  the  prominence  they 
deserve  now  that  radio  has  come  of 
age. — Ray  Schaaf,  National  Radio 
Institute,  Washington,  D.  C. 
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There  are  many  applications  in  the  audio, 
carrier,  and  supersonic  fields  requiring  in¬ 
ductors  of  high  Q  and  great  stability.  The 
HQ  series  of  units  developed  for  these  ap¬ 
plications  have  remarkable  characteristics, 
as  illustrated  below.  KQA  coils  have  high 
Q  (100  at  5000  cycles)  and  are  available 
in  inductances  from  5  MHY  to  1  5  henrys. 
HQB  coils  have  very  high  Q  (200  at  4000 
cycles)  and  are  available  in  inductances 
from  10  MHY,  to  25  henrys. 


HUM  PICKUP  is  low  due"  to  the  toroidal 


winding  structure,  70  and  140  microvolts 
per  gauss  respectively  for  the  HQA  and 
HQB  at  60  cycles. 


Stability  is  excellent.  For  the  ,HQA-7  coil 
illustrated,  inductance  change  is  less  than 
1%  for  applied  voltages  from  .1  to  25 
volts, 1000  cycles.  For  the  HQB-5  coil 
illustrated,  the  inductance  change  is  less 
than  1  %  for  applied  voltages  from  .1  to 
50  volts  1  000  cycles.  Change  in  inductance 
pue  to  DC  current  is  approximately  1  % 
■  er  1  0  MA  linearly  for  the  HQA  unit  illus- 
^ated  and  */„  for  the  HQB.  All  cased 
tmits  are  hermetically  sealed.  Standard 
JflVuctance  tolerance  is  1°o. 


TYPE  HQB 

DIMENSIONS— ty,"  1.  X  V/,”  % 
Wt.  14  tn. 

iHdudonct 

ViiiM  Type  Ni. 

10  mhy.  HQB-1 

30  mhy.  HQB-2 

70  mhy.  HQB-3 

120  mhy.  HQB-4 

.5  hy.  HOBS 

1.  hy.  HQB-6 

2.  hy.  HOB-7 

3.5  hy.  HOB  S 

7.5  '  hy.  HOB  9 

12.  hy.  HOB-10 

18.  hy.  HOB-11 

25.  hy.  HOB-12 


TYPE  HQA 

,  BIMENSIONS-IH*  Bit.,  X  lA"  H. 
Wt.  S  an. 

IhAkImc* 

ValM  Typ«  N«. 

5  mhy.  HQA-1 

12.5  mhy.  HQA-2 

20  mhy.  HQA-3 

30  mhy.  HQA-4 

50  mhy.  HQA-5 

so  mhy.  HQA-6 

125  mhy.  HQA-7 

200  mhy.  HQA-8 

300  mhy.  HQA-9 

.5  hy.  HQA-10 

.75  hy.  HQA- 11 

1.25  hy.  HQA-1 2 

2.  hy.  HQA-13 

3.  hy.  HQA-14 

5.  hy.  HQA-1 5 

7.5  hy.  HQA-16 

10.  hy.  HQA-17 

15.  hy.  HQA-1 8 


We  can  supply  any  of  the  Toroids  listed 
without  case.  Deduct  $1.50.  Specify  type 
and  inductance  value  when  ordering. 


SPECIAL  TOROIDS 


Sizes  other  than  those  shown  in  our  stock  list  can  be  supplied 
special  order  at  price  of  next  highest  value.  Type  HQC  and  H{ 
coils,  having  maximum  Q  at  50  kc  and  100  kc  respectively,! 
also  available. 
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Submerged  in  oil,  o  24-tube  control  chassis  undergoes  operating  tests  at  Electronic  Control  Corp.,  os  described  in 
November  1947  ELECTRONICS,  p  108;  see  also  page  136  of  this  issue 


When  a  new  technical  word  is  publicized  into  the  language,  businessmen  frequently  ride  on  its  coot  tail 


Ultra-short-time  radiations  from  a  capocitron  preserve  food  without  altering  appearance  or  taste 


Construction  details  of  a  465-mc  receiver,  the  companion  unit  to  the  transmitter  described  in  November  1947 


Test  focilities,  shielding,  and  line-filtering  for  a  development  laboratory 


Cathode-ray  tube  indicates  fouled  plugs,  damaged  valves,  and  other  troubles  in  aircraft  engines  while  flying 


Developmental  oudio  output  tubes  using  simpler,  less  expensive  circuits  outperform  conventional  types 


Emission  of  ions  by  heated  platinum  operating  in  air  increases  when  halogen  compounds  are  encountered 


Theory  and  construction  details  for  precision  devices  measuring  from  2  to  75  centimeters 


Variations  are  measured  to  a  fraction  of  a  cycle  per  second  with  special  pickups  and  discriminator 


Operating  principles  and  application  techniques  for  geodetic  surveys,  photo  mapping,  and  geophysical  prospecting 


Circuit  minimizes  number  of  crystak  required  to  control  local  oscillator  of  multichannel  aircraft  receiver 


—  HIGH-SPEED  N-SCALE  COUNTERS,  by  T.  K.  Sharpless . 

Cathode-pulsed  circuit  provides  simple  count  indication,  reliability,  and  speed 


Three-phase  output  of  variable-speed  alternator  is  converted  electronically  to  constant- frequency  a-c 


Output  characteristics  of  choke-input  filters  are  quickly  predetermined 
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*w>aarlaAM  rataa— Ualtod  Stataa  and  poaaoaaiont.  $6.00  a  mar,  $6.60  for  two  yaara.  $12.60  tar  thraoyaara.  Canada  (Canadian  fnnda  aoaontad)  $7.00  a  year,  $11.00  tar 
twa  yaara,  $14.60  for  throe  yoara.  Pan  Amarlean  eountrlaa  $10.00  fnr  ana  year,  $16.00  far  two  yaara.  $20.00  for  throe  yaara.  All  other  eeentrlea  $15.00  far  one  year.  $30.00 
iw  throe  yaara.  Ptoaaa  Indteata  position  and  coaipany  sonnaetlon  on  all  aubaerlpMoa  orders.  Entarod  aa  Saaand  Claaa  arattar  Aupuat  20.  1136,  at  Poet  Odko,  Albany, 
haw  York,  nader  the  Act  of  Mareb  3,  1876.  BRANCH  OFFICES:  520  North  MIohiaan  Avoaea,  Ulaaee  II.  lit:  60  Past  ttrast,  San  Franelaoo  4:  Aldwyeb  Hauso. 
nf'?^.V>**4en.  W.  C.  2;  Waahlnfton,  0.  C.  4;  Philadelphia  3:  Clevaland  15;  ifatroH  20;  Bt  laeU  0;  Baatan  If;  Atlanta  3.  Ga.;  021  Bn.  Hope  Bl..  Lna  Anpelea  14; 
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are  stubborn  things  . .  .  El«Menco  Capacitors  are  backed 
by  impressive  facts  .  .  .  proven  performance,  dependable  quality 
.  .  .  earned  as  components  in  the  world’s  finest  radio  and  elec-^ 
tronic  equipment. 

You  can’t  discount  the  reputation  of  leadership  El-Menco  has 
built  with  the  most  renowned  manufacturers.  If  you  want  your 
product  to  win  preference  through  perfection  .  .  .  use  El-Menco 
Capacitors  .  .  .  improve  its  performance. 

THi  ELiCTRO  MOTIVE  MFG.  CO.,  lac. 

WllliRiaatic.  CeaaecticHf 


MANUFACTURERS 

Oux  silver  mice  department  is  now  prednciaf 
silvered  mica  films  for  all  electronic  applies* 
tions.  Send  us  your  specifications. 


Write  ee  nm 
Letterheed  fer 

Cotelef  oad 

Seeiples. 


Send  for  samples  and  complete  specification! 
Foreign  Radio  and  Electronic  Manvfactur«r> 
communicate  direct  with  our  Export  Depart¬ 
ment  at  Willimantic,  Conn.,  for  information. 

JOBBERS  AND  DISTRIBUTORS 

ARCO  ELECTRONICS 

m  Uberty  St.  .  New  Verli,  N.  V. 

Is  Sole  Agent  for  Cl-Menco  Proeucts  In  United  States  and  Canada. 


MOLDED  MICA  Wdh.d  ■slaWdi  WWWmICA  TRIMMER 

CAPACITORS 


Morch,  Ifdl— ELECTRONICS 


